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ABSTRACT

A compiler for a subset of the Automated Data Processing

Equipment Selection Office (ADPESO), HTPO-COBOL, has been

implemented on a microcomputer. The implementation provides

nucleus level constructs, interprogram communications, and

file options from the ANSI COBOL package along with the

PERFORM UNTIL, PERFORM VARYING and an enhanced version of

the IF-THEN-ELSE construct that includes nesting and

multiple program statements for both the "THEN" and "ELSE"

clauses. These additional constructs from level two of ANSI

COBOL provide for more flexibility and increased structural

control. The language was implemented through a compiler and

run-time package executing under the CP/M operating system

of a Z-80 or an 8080 microcomputer-based system. Both the

compiler and interpreter can be executed in 20K bytes of

main memory. A program consisting of 5K bytes of symbol

table entries can be supported on this size machine.

Modification of the compiler and interpreter programs can be

accomplished to take advantage of larger machines. The

programs that make up the compiler and interpreter package

require 50K bytes of disk storage.
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I. INTRODUCTION

&. BACKGROUND

The NPS MICRO-COBOL Compiler/Interpreter was initially

(1976) (3 developed to demonstrate that it was feasible to

implement a COBOL compiler on a microcomputer. It was known

that the COBOL language used would have to be a subset of

ANSI COBOL because of the restriction imposed by the size of

a microcomputer memory. A subset of ANSI COBOL, specifically

the Navy's Automated Data Processing Equipment Selection

Office (kDPESO) KYPO-COBOL (41, was selected as the basis

for the implementation. Additional motivation was Drovided

by the DOD requirement that all computers used in a

non-tactical environment be capable of executing COBOL

programs.

The previous work was directed toward six major areas:

1.) selecting a suitable COBOL subset to operate on, 2.)

developing the associated grammar for the language, 3.)

determining what type of compiler to design, 4.) designing

and coding the compiler, 5.) designing and coding the

interpreter, and 6.) testing and debugging of the storage

allocation and symbol table entries of the corpiler.

The choice of a suitable language was originally based

on NYPO-CODOL, since this is a Department of the Navy

approved subset of COBOL, designed to place minimal

.6
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requirements on a system for compiler supi)ort. Where

possible, short constructs were used in the place of longer

ones. Where more than one reserved word served the same

function in COBOL the shortest fortr was used. There is no

optional verbage in the language, and no duplicate

constructs perform the same function. Limits were placed on

all statements that had a variable input format so that all

statements had a fixed maximum length. Where possible, such

constructs were removed completely from the language. In

addition, user defined identifier names were limited to

twelve characters to reduce symbol table storage

requirements.

Pather than include the standard levels of

implementation for all of the modules in ETPO-COBOL,

constructs were included only as required. In addition to

low level constructs, THE PERFORM UNTIL was included to

allow better program structure. Further Justificatior for

the manner of subsetting and a highly detailed description

of each element of the language is contained in the

HYPO-COBOL language specifications reference 3.

The grammar for the MICRO-COBOL language was defined as

LALR(1). The compiler design was based on a table-driven

parser for the LALR(1) grammar. The algorithm used to

develope the parse tables for the compiler was developed by

V. R. Lalonge [20].

The basic design and coding of the coirpiler and

9
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interpreter was completed prior to the current thesis work

by Scott Allan Craig (3]. Modification to the original

thesis work was conducted by Phil Mylet (181. Initial

testing and debugging of Part One was conducted by Jim

Farlee and Michael Rice[9].

B. OPERATING ENVIRONMENT

The NPS MICRO-COBOL compiler and interpreter are

designed to run under the CP/M operating system on at 8080

or Z80 based microcomputer with at least 20K bytes of main

memory. The compiler programs are designed to use no more

than 14K bytes of main iremory, while the interpreter program

uses approximately 12K bytes. The compiler and interpreter

require 50K bytes of disk storage for the progrars that make

up the compiler/interpreter package. For information on

creating MICRO-COBOL source programs and CP/M see references

5 and 6.

C. GOALS AND OBJECTIVES

The major goals of this work were 1.) Modify the

existing compiler to allow use of the &DPESO validation test

programs, 2.) Correct all known errors as outlined by Farlee

and Rice[11, 3.) Irplement all constructs not previously

Implemented, 4.) Verify that NPS MICRO-COBOL met HYPO-COBOL

standards, and 5.) Extend the existing compiler/interpreter

10
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package with some of the more frequently used high level

COBOL constructs.

In addition to the above goals, it was considered

beneficial to update and incorporate all previous

documentation into the present NPS 1ICRO-COSOL

compiler/interpreter documentation. This documentation is

included in this thesis.

D. PPOBLEM DEFINITION

For software perfortrance assessment, a series of simple

COBOL source programs and the Navy ArPESO FTPO-COBOL (41

validation test programs (HCCVS) were compiled and execution

was attempted. Initial results of the ADPESO validation test

prog-ams produced over 400 compile and run time errors. Some

of the errors were known previously as outlined in the

previous thesis work by Farley and Rice(9]. The elimination

of these problems plus the goals outlined above formed the

foundation for this thesis.

E. PROBLEM SOLUTION

The ADPESO validation test programs could not be used

for testing the compiler/interpreter until three areas were

corrected. 1.) File 1/0 was inadequate to generate usable

intermediate code, 2.) the IF-THEN-ELSE construct would not

allow multiple statements to be performed, and 3.) the Move

11
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Numeric Edited command was not implemented. The file I/0

problem was corrected by Doug Loskot[151 as a class project

early in this thesis effort. A new IF-THEN- '"E construct

allowing the use of multiple statements in both the "THEN"

and "ELSE" clauses was implemented by Robert Hartel and Doug

Stowers[19] as another class project. Implementation of the

Move Numeric Edited command was completed by the author

early in the thesis effort and allowed the validation test

programs to be used for testing.

Once the validation programs could be compiled and

executed, testing and debugging continued at a more rapid

pace. All the errors exposed by the test programs as well as

the known errors outlined in Appendix C of Farlee and

Rice(91 were corrected, with the exception of the tests

dealing with the Interprogram Communication Module.

The grammer in Part Two of the compiler was not

constructed to allow the name of a called program to be

stored. This required a change to the existing grammar. In

addition to modifing the grammar for subroutine calls, a

change to allow nesting IF-THEN-ELSE, NEXT SENTENCE option,

the PERFORM VARYING verb, the COMPUTE verb and the logical

operators "AND" and "OR" were defined in the gram.mar.

The grammar change was implemented in two steps. First

the IF-THEN-ELSE statement, which included nesting and an

IND-IF clause, and the PERFORM VARYING statement was

implem.ented as a class project by Carol Cagle[21. The

12



present grammer is the result of the second change and

includes the COMPUTE verb, logical operators, GIVING clause

for the arithemetic operators and the change that enabled

implementation of the Interprogram Communications module. In

it's present form all of the specifications of HTPO-COBOL

are met or exceeded. In addition to the corstructs

previously mentioned the new grammar will be able make the

environment division optional, handle null paragraphs

(paragraphs with no statements) and multiple oper, close,

display, add, and subtract statements as well as

multi-dimensional tables. Appendix G contains a list of

constructs that have been defined in the grairmar but not yet

It'pleren ted.

P. SYSTEM OVERVIEW

NPS MICRO-COBOL is a compiler/interpreter package. The

compiler consists of three modules that combine to produce

tvo files. The first file is an intermediate code file acd

the second is a list file containing any compilation errors

and the line that caused the error. The first and second

modules are combined together to form a module called

COBOL.COM. The command COBOL <file name> initiates the

compilation sequence. The first module (PA'T I) opens the

input file, list file and code file, moves the second

module, READER, to high memory for later use, and then

13
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starts compiling the input file through the word PROCEDURE

in the sentence PROCEDURE DIVISION. The symbol table is

built starting at a storage location just above PART I and

can use all available memory up to the base of the READER

routine previously moved to high memory. After PRnCEDURF is

parsed control is tracsfered to the READER routine which

then copies the third module (PART II). into memory over

PART I. Compilation continues to the end of the input file

using the symbol table constructed from PART I. The symbol

table can be added to by PART II up to and including the

area previously used by the READER routine as REAPER Is no

longer needed. This scheme allows the use of all available

free memory for the symbol table. At the end of the input

file all files are closed and the compilation, process is

complete.

Error recovery/management is accomplished using the ad

hoc panic mode technique discussed in Aho and Ulliran [1].

Errors are annouced to the user by a two letter code. The

user is required to look up the meanings of these codes in

order to understand the full siRtificance of each error but

it was felt that this technique was necessary to keep the

size of the compiler/interpreter package to a minimum.

The command EXEC <file name> causes the load routine

BUILD to be loaded into memory. The BUILD routine opens the

interrediate file created by the first phase and sets up the

core image of the pseudo machine. Control transfers to the

14



INTRDR routine (Interpreter Reader) which reads the third

module CINTERP Into mefrory. This Is the interpreter and once

loaded control Is passed to it and program execution begins.



II. NPS MICRO-COBOL COMPILFR

A. GENERAL DESCRIPTION

The MICRO-COBOL compiler is a one pass compiler that

scans and parses MICRO-COBOL source programs, and generates

intermediate code (pseudo-instructions) for the interpreter

(pseudo-rachine). The scanner design is similar to most

other scanner implementations. The parser is an LALR(1)

table-driven design, Implemented In the PLMeO prograrpring

language r10]. The parse tables, as stated before, were

generated using an algorithm developed at the University of

Toronto (20).

The compiler reads the source program from a disk file,

extracts the needed information for the symbol table and

writes pseudo-instructions to an intermediate code file. To

accomplish this function, the compiler consists of three

modules: PART ONE, READEP, and PART TWO.

B. SYMBOL TABLE

The symbol table is the key data structure in the

compiler. Information concerning identifiers, files, and

records specified in the DATA DIVISION of the MICPO-COBOL

source program is stored in the symbol table, along with

labels specified in the PROCEDURE DIVISION.

The symbol table structure consists of: 1.) a sixty-four

16



address hash table, 2.) a fixed length field of fourteen

bytes for each symbol table entry, and 3.) a variable length

field to hold the name of each identifier. Since each

identifier name is limited to fifteen ASCII characters the

symbol table entry for identifiers can vary in lerth from

fourteen to twenty-nine bytes. The bytes of each symbol

table entry are grouped into various fields of either one or

two bytes depending on the storage requirements. The

fourteen bytes of the fixed length field entry are numberel

from zero to thirteen and the variable length field begics

with byte fourteen. In referencing a specific field a byte

Index with a value from zero to fourteen is utilized.

The syt'bol table entry for a single identifier could

contain up to nine different attributes of that identifier,

although not all identifiers required the full range of

attributes. The various fields in the symbol table contained

different Information depending on whether, for example, an

identifier was a numeric or alphanumeric type. Four of the

fields contained the same information for all identifiers.

These fields were: 1.) field zero (bytes zero and one )

contained the collision link, 2.) field one (byte two)

contained the type of the identifier, 3.) field two (byte

three) contained the length of the identifier name, and 4.)

field thirteen (byte fourteen) was the beginning of the

ASCII character representation for the identifier nave. It

should be noted that an Identifier of type FILLER would not

17
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have a name associated with it, so field two would contain a

zero and field fourteen would not exist.

Entry into the symbol table is accomplished by using a

HASP function on the ASCII character representation of the

identifier name. This function generates an even number

between zero and 126. The number is used as an index Into

the hash table by specifying an offset from the base of the

hash table. The hash table can hold sixty-four uniquely

determined address references to identifiers. The hash table

entry associated with each index reference heads a linked

list of identifiers with the same EASH function value. The

linked list structure provides for additional Identifier

storage and therefore the number of unique identifiers is

not limited by the sixty-four index values generated by the

HASR function. A zero entry in the hash table indicates that

there is no identifier with that HASH function value. In

tracing through the linked list of identifiers the trost

recently declared variable appears at the end of the list.

See figure [I-1] for an example of the computetion of a

hash value. See figure (11-21 for an example of the hash

table Indexing and linking of hash values.
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EASE VALUE COMPUTATION

EASE Function value: sum of identifier ASCII characters

logically and with 3FH then shifted left (SEL) one bit.

HASHBASE = 200OR

H.F.(AB) - EASHBASE + S!L(((41f + 42H) AND 3FE),1) = 2006!

H.?.(BA) = HASEBASE + SHL(((42H + 41H) AND 3FE),l) = 2006H

FIGURE I-i

1ASH TABLE, STMBOL TABLE LINKING

HASH SYMBOL
TABLE TABL

---- ---1 2128-
collisionI ...... 212EI link for <----
"BA"

1-. .. : 21247 -- --------- 2200Ht

---... .. 2006! link for >>--
- - "AB
- -...... .I 21FOR
I ----- 1 2000!

FIGURE 11-2
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1. Numeric Values

The symbol table entry for nu'eric values can

contain up to eight attributes of the variable. These

attributes are: 2.) identifier type, 2.) length of variable

name 3.) beginning address of variable storage, 4.) numeric

count (number of storage locati-ons required by the

identifier), 5.) level number, 6.) number of digits to the

right of the decimal point, 7.) the variable name, and 8.) a

previous occurs pointer. The previous occurs pointer is

appended after the Identifier name only if needed. Since

most declarations will not require the use of this pointer,

a saving of three bytes per variable declaration is

realized. It was felt that the increase in the total number

of variables that could be declared in a given metrory size

outweighed the increased complexity in symbol table access

time. Figures [11-3] and II-4] illustrate, respectively,

the following two COBOL declarations:

e1 um PIC 9(9).

02 NUM PIC 9(6)V999 OCCURS 12.

2. Numeric .dit

The numeric edit symbol table entry expands on the

numeric symbol entry and utilizes bytes eight and nine to

hold the beginning address, In the constants area, of the

edit field mast. This mask allowed for the insertion of the

20
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following characters into the output display of a numieric

number: fixed and floating dollar signs, credlt(CR) and

debi't(DB) signs, asterisk fill, "Z" character fill, and plus

(+)and minus ("-") signs. It should be noted that an

identifier with a numeric edit field value can not be usel

In an arithmetic statement. Figure [11-51 Illustrates the

following COBOL declaration:

91 sum PIC +$ZZZZZ9.99.

21



NUMERIC SYMBOL TABLE ENTRY.

BYTE SYMBOL TABL_ VALUE
-- - -- - ee- -- - -

0-1 [collision link
1(00 00)

2 1 type identifier1 (10)

3 length of identifier
name (03)

beginning address
4-5 of identifier

storage (04 25)

6-? length of identifier
storage (09 00)

eeeeeeeeeeeeeeeeeeeeeeeee-e-----
8-9 not used

10 level entry (01)

11 decimal count (30)

12-13 occurances i00)

14-16 identifier name
(4E 55 4D)
--- ---------- e

01 NUM PIC 9(9).

FIGURE 11-3

22

.- .



NUMERIC SYMBOL TABLE ENTRY WITH DECIMAL
AND OCCURS CLAUSE

BYTE SYMBOL TABLE VALUE

0-1 collision link
(09 21)

2 type idertifier

3 length of Identifier
name (03)

- - - - -- ----- ,m -- o iq -- ,.g --- , - m ,-

beginning address
4-5 of Identifier stor-

age (OD 25)

6-? length of identifier
storage (09 00)

8-9 not used

10 I level entry (02)

11 I decimal count (03)

12-13 occurances (0C)

14-16 Identifier name
(4E 55 4D)

17-18 previous occurs
pointer 00 00

19 dimension counter

02 NUM PIC 9(6)V999 OCCURS 12.

FIGURE 11-4
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NUMERIC SYMBOL TABLE ENTRY WITH EDITED FIELD

BYTE SYM'BOL TABLE VALUE]

0-1 Icolision, link
I(09 2E)

2 1type Identifier
(80)

3 1length of identifier
name (03) -

Ibeginning address
4-5 1of identifier stor-

Iage (OD 25)

6-7 length of identifier
storage (39 00)

beginning address
8-9 1of mask storage

1(25 FE)

10 1level entry (01)

12.1 decimal count (02)

12-13 Ioccurances (00)

14-16 Iidentifier name
I(4Z 55 4D)

01 NUM PIC *$ZZZ,ZZ9.99.

FIGURE I1-5
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3. Alpha or Alphanumeric

The alpha and alphanumeric symbol table entries

appear similarly in the symbol table except for their type

fields. Six entries appear in the symbol table for these

identifiers: 1.) Identifier type, 2.) length of identifier

name, 3.) beginning address of storage, 4.) number of

storage locations required by the identifier, 5.) level

entry, and 6.) identifier name. Figure (11-61 illustrates an

alpha symbol table entry for the following identifier

declaration:

01 ALPPA PIC A(8).

4. Alpha Edit

The alpha edit symbol table entry expands on the

alpha and alphanumeric edit types and utilizes bytes eight

and nine to hold the beginning address of the edit field

mask. These mask fields, which are stored in the constants

area of the pseudo-rachine, contain the characters necessary

to edit an output so that, for example, slashes or blanks

can be interspersed in the display output.

25



ALPHA SYMBOL TABLE ENTRY

BYTE SYMBOL TABLE VALUE

0-1 collision link
1(00 00)

2 Itype Identifier

3 I en th of Identifier
(05

1beginning address
4-5 Iof Identifier

Istorage (16 25)

6-7 Ilength of identifier
Istorage (08 00)

8-9 1not used
--------------- ------

10 1level entry (01)
--------------- -----

11 not used

12-13 1not used

13-17 1Identifier name
1(41 4C 50 48 41)

01 ALPHA PIC A(8).

FIGURE 11-6
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5. Tables

NPS MICRO-COBOL supports multiply indexed tables up to a

maximum of ten levels. The choice of ten levels was based on

a compromise between a single level of HYPO-COBOL and 49

levels proposed for the new 1980 ANSI COBOL standard. The

limit of ten levels is a restriction for HYPO-COBOL and the

nucleus level 1 constructs of ANSI-COBOL. These tables are

established by using an OCCURS clause with the PIC clause of

an identifier. If an identifier is specified as a table the

number of occurances of the table are placed in byte twelve

and thirteen of the symbol table entry for that identifier.

The table identifier in COBOL is similar to the subscripted

variable in other programming languages. The previous occurs

pointer shown in FIGURE 11-4 is used to indicate where

variables are located and how many occurances exist to

enable the compiler to generate the proper base address. For

example, the statement, *'02 NUM PIC 9(9) OCCURS 12",

generates the symbol table entry illustrated in figure

(11-41.

6. Labels

Labels generate the simplest of all symbol table

entries, only four or five attributes are associated with

the label. The variability depends on whether the label is

declared in the source program before or after the label is

27
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referenced by a GO or PIRFORM statement. In the event that a

label Is specified before a GO or PERFORM statement

references It, the symbol table would contain the following

1.) the type associated with label, 2.) the length of the

identifier name, 3.) the address of the first intermediate

code instruction following the appearance of the label in

the source program (bytes four and five), 4.) the last

executable instruction associated with the label (bytes

eight and nine) (This would be either the last executable

instruction encountered before another label or the end of

the program), and 5.) the label name.

In the event a label is referenced by a GO or

PERFORM statement before the label actually appears in the

code, the symbol table entry performs a different function

than just indicating the beginning and ending of the

paragraph associated with the label. The same symbol table

fields are used, however their ueanings are different. The

type is set to that of an unresolved label(OFFE). The label

remains unresolved until the beginning and the ending

addresses of the associated paragraph are determined. If a

label is never resolved by the end the input file, an error

for each unresolved label is produced as a warning to the

user.

When a label is referenced for the first t1ine by a

GO statement the symbol table is initialized with the

following: 1.) unresolved label type (07FF), 2.) the address
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of the GO statement (the intermediate code would be IRN 00

60 where the zeros indicate where the address of the label

is to be backstuffed. See section III-D for specific

explanation of pseudo-machine instructions), 3.) the

remainder of the label entries would be the same except no

entry is made for the last executable instruction associated

with the label. If an additional reference is made to the

label by a subsequent GO statement the following action

would occur: 1.) the current address (bytes four and five)

would be placed in the branch address of the GO statement,

2.) the address of this branch statement would be placed In

bytes four and five of the symbol table entry. This

procedure facilitates linking together all unresolved

references to labels so as a result when the label is

resolved the correct branch address can easily be placed

into the intermediate code.

Encountering a PERFORM statement before a label is

declared causes the following actions: 1.) Bytes four and

five contain the address of the next byte of intermediate

code following the PER intermediate code instruction, and

2.) bytes eight and nine contain the address of the third

byte following the PER instruction. If a subsequent PERFORM

statement Is encountered before the label is resolved the

two address fields in the symbol table would be copied to

the associated bytes following the most current PERFORM

statement and the address of the first and third bytes
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following the PER instruction would be copied into the

symbol table. It should be pointed out that any num.ber of

PERFOPM and GO statements can be specified before a label is

resolved.

7'. Files

The symbol table entries for files are the imost

difficult to understand. The complexity of the entries is

due to the way files and records are declared in a

MICRO-COBOL program. The symbol table entry for a file

consists of the following: 1.) byte two contains the type,

2.) byte three contains the length of the file name, 3.)

bytes four and five contain the address in the sy.mbol table

of the first 01 level record associated with the file, 4.)

bytes eight and nine contain the beginning address of the

file control block and input/output buffer for the file,

(this would be the actual address in the data section of the

pseudo-machine for the beginning of the 165 bytes associated

with the file), 5.) if the file has a key entry associated

with it (access via RANDOM or RANDOM RILATIVE) bytes ten and

eleven contain the symbol table address of the access key

variable, and 6.) the rest of the entry contains the file

name. Figure [II-6] illustrates a file entry In the symbol

table.

S. Records
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This entry contains seven attributes of a record.

Three are the same as all other entries type, name, and

length of name. While the other four are: 1.) bytes four and

five contain the initial storage address for the record, 2.)

bytes six and seven contain the number of bytes of storage

for the record, 3.) bytes eight and nine contain the symbol

table address of the file associated with the record (this

facilitates referencing the file when the record is

written), and 4.) byte ten contains the level entry for the

record.
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FILE SYMBOL TABLE ENTRY

SAMPLE SOURCE PROGRAM JILE DECLARATION

INPUT-OUTPUT SECTION.
JILT-CONTROL.

SELECT ROSTER-FIL
ORGANIZATION RELATIVE
ACCESS RANDOM RELATIVT NUM
ASSIGN CS81-FIL.

EYTE SYMBOL TABLE VALUE

0-1 1collison link

2 1type file

.-- - - - -

3 length of file
name (05)

Symbol table
4-5 address of first

01 level record
-(09 21)

*6-7 Inot used

8-9 1first address of
FCD & buffer
(01 26)

10-11 1symbol table
address of key
(33 27)

12-13 not used

14-18 1file name
(52 47 53 54 45 52
5F 546 494C)

YIGURE 1I-7
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C. COMPILER MODULE "PART ONE"

1. Purpose

The first module of the compiler performs several

functions. First, it establishes the interface between the

compiler and: 1.) the input source file (of type "CDL"), 2.)

the output intermediate code file (of type "CIN"), 3.) the

output list file (of type "LST"), and 4.) the READER module

which reads and passes control to PART TWO of the compiler.

Second, it scans and parses the source program statements up

to the PROCEDURE DIVISION. Third, it generates output

consisting of the symbol table entries (saved in memory) and

data initialization intermediate code. A listing file is

also created which will contain any compilation errors

generated and a listing of the source code if the

appropriate toggle is activated. See Appendix A for a list

of compiler options.

2. Control Actions

By executing the command COBOL <source program>

$(compiler toggles> the object code for PART ON? of the

compiler is loaded into memory starting at 100H (if

necessary this cat be modified for different machines) by

the CP/M operating system. Execution of PART ONE loads the

source program name into the input file control block

located at 5CE. This allows the source program name to be

33

tI



saved until actual source program compilation begins. The

compiler toggles are loaded Into the input file control

block located at 6CB. These optional toggles are used later

to initialize certain features such as code, nocode, list,

nolist, etc. See Appendix A for a complete list of options.

Next, the control program, READER, is moved to high

memory just below the BDOS (see reference 4 for an

explanation of BDOS and other CP/M associated names). For

example, using an INTEL Corporation 62K MDS microcomputer

system with the CP/M operating system, the READER routine is

moved to high memory starting at 0D0O0E and continuing

through ODOFF. This is done for two reasons: 1.) it allows

the symbol table of the source program to begin at the next

address following the object code for PART ONT, and 2.)

places READER high enough in memory so that it is not

destroyed by creation of the symbol table. See figures

(11-71 and [11-8] for illustrations of the PART ONE memory

organization before and after the READER routine is moved.

The purpose of the READER routine will be explained in the

next section.
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MEMORY ORGANIZATION BEFORE READER ROUTINE MOVED

ITop of Memory

BDOS

----- -- --------- D1003

Fre Are
3700

ADE Rotn

Bfre Are

I--------

FIUR R1D1-R7tn
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MEMORY ORGANIZATION AFTER READER ROUTINE MOVFD

F800H
Top of Memory

BDOS
-..------------. D10H
READER Routine
After Move

Free Area
..... ..... .... 38003

Reserved for Part 21
.. . . . . . . .-- - - ---- - - 6001

Part I of Compiler

I S o
IIII .. . . . . . .S o

------------- f 100H

FIGURE 11-8
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Next, the interface between the compiler and the input

file <source program> and the output file <intermediate code

file> is established. The Input file control block

associated with the source file is initialized and the Input

file is opened. The input file name is copied to the output

file control block (FCB) and if there is an intermediate

code file already residing on the disk, it is erased. The

output FCB is initialized and a file directory entry

established for the new copy of the intermediate code file.

A list file control block and associated buffer are created

and opened. The list file contains any error nessages

generated by the compiler and the line being parsed at the

time the error was discovered. The relative line number is

also provided. Vith the list toggle activatel the list file

will contain the complete input file with errors and line

numbers.

Prior to beginning scanning and parsing actions, the

first 128 byte record of the input file is read into the

Input buffer, located at 80 (default I/0 buffer for CP/M).

The scanner is primed with the first character of the input

program, and scanning and parsing actions continue from this

point In PART ONE until the PROCEDURE DIVISION of the source

program is encountered; at this time compilation Is

suspended.

3. Symbol Table Entries

3?
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Entries made in the symbol table by PART ONE will

consist of all identifiers declared in the DATA DIVISION of

the source program. By refering to the Symbol Table Section

above, an explanation may be obtained regarding the various

types of symbol table entries.

4. Intermediate Code Generation

Pseudo-instructions are written to the intermediate code

file for several different reasons while PAPT ONE is

scanning and parsing the source program. The first

intermediate code generated occurs when the INPUT-OUTPUT

SECTION of a source program is nonempty. Within the TILE

CONTROL PARAGRAPH of this section, Instructions are

generated to initialize the FCB for the file name associated

with the SELECT statement. The name associated with the

ASSIGN statement is placed in the FCB and is used in

referencing the file on the disk.

Two other instances of intermediate code generation

occur in the WORKING STORAGE SECTION of a source program.

Anytime a record or elementary identifier entry has an

edited PICTURE CLAUSE, code to initialize the storage

beginning at the address specified in the formatted mask

attribute of the symbol table ectry will be written to the

intermediate code file. When a record or elementary

identifier entry has an associated numeric or nornumeric
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VALUE CLAUSE, code to initialize the storage beginning at

the address specified in the value location attribute of the

symbol table entry will be written to the intermediate code

file.

The final pseudo-instruction written to the intermediate

code file is the SCD instruction. This occurs when the

parser parses the word PROCEDURE in the source program;

control is then passed to PART TWO and compilation

continues.

5. Parser Actions

The actions corresponding to each parse step are

explained below. In each case, the grammar rule that is

being applied is given, and an explanation of what program

actions take place for that step has been included. In

describing the actions taken for each parse step there has

been no attempt to describe how the symbol table is

constructed, vhat pseudo-instructions are generated or how

the values are preserved on the stack. The intent of this

section is to describe what information needs to be retained

and at what point in the parse it can be determined. Where

no action is required for a given statement, or where the

only action is to save the contents of the top of the stack,

no explanation Is given. Questions regarding the actual

manipulation of Information should be resolved by consulting

the program listings.
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1 <program> ::i (d-div> (e-div> <d-div> PROCEDURE

Reading the ward PROCEDURE terminates the first[

part of the compiler.

2 <id-div> ::-n IDENdTIFICATION DIVISION. PROGRAM-ID.

(comtment> . (id-list>

3 (id-list> ::- <auth> <Ins> <date> <see>F

4 <auth> :=AUTHOR . (comment>

5 1<empty>

6 <ins> :=INSTALLATION .<comment>

7 < empty>

8 <date> :=DATZ-WRITTEN .<comment>

9 < empty>

10 (sec> :=SECURITY < comment>

11 1<empty>

12 (comment> :: <nput>

13 < comment> <input>

14 <e-div> ::nENVIRONMENT DIVISION .CONFIGURATION

SECTION. <src-obj> <i-a>

15 1<empty>

16 <src-obj> :-SOURCE-COMPUTER < comment> (debug>

OPJECT-COMPUTER . <comment>

17 <debug> ::- DEBUGGING MODE

Set a scanner toggle so that debug lines will be

read.

18 1 <empty>

19 0i-o0: INPUT-OUTPUT SECTION .FILE-CONTROL
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(file-control-list> <ic>

20 < empty>

21 <fIle-control-list> < file-control-entry>

22 < file-control-list>

<file-control-entry>

23 <file-control-entry> ::- SELECT 0id <attribute-list>

At this point all of the Information about the file

has been collected and the type of the tile can be

determined. File attributes are checked for

comipatibility and entered in the symbol table.

24 <attribute-list> ::= (one attrib>

25 1 attribute-list> <one attrib>

26 (one-attrib> :=ORGANIZATION <org-type>

27 ACCESS (ace-type> (relative>

28 ASSIGN <input>

A file control block is built for the tile using the

INT operator.

29 (org-type> z: SEQUENTIAL

No information needs to be stored since thte default

file organization is sequential.

30 1RELATIVE

The relative attribute is saved for production 23.

31 1 INDEXED

The Indexed attribute is not Im'plemented.

2? <ace-type> ::- SEQUENTIAL

This Is the default.



28 1 RANDOM

The random access mode is saved for production 19.

29 (relative> ::- RELATIVE <id>

The pointer to the identifier will be retained by

the current symbol pointer, so this production only

saves a flag on the value stack indicating that the

production did occur.

35 1 (empty>

36 (Ic> ::- 1-0-CONTROL . <same-list>

37 1 <empty>

38 <same-list> ::< (same-element>

39 1 (same-list> <same-element>

46 <same-element> ::- SAME <id-string>

41 <Id-string> ::- <1d>

42 (id-string> (>

43 <d-div> ::- DATA DIVISION . <file-section> <work>

<link>

44 (file-sectlon> ::- FILE SECTION . <file-list>

A flag needs to be set to indicate completion of

the file section, so that the appropriate routine

will be called vhen parsing level entries In the

WORKING STORAGE SECTION.

45 1 <empty>

The flag, indicated in production 44, Is set.

46 (file-list> ::- <file-element>

47 1 <file-list> <file-element>
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48 <files> ::- YD <id> <file-control>

<record-descripti or>

This statement indicates the end of a record

description, If there vas an imiplied redefinition

of the record, then the level stack (ID$STACK)

must be reduced. The length of the first record

description and its address can now be loaded

into the symbol table for the file name.

49 <file-control> ::- <file-list>

The address of the symbol table entry for the

record describing the ftile name Is entered into an

attribute of the file name symbol table entry,

while the address of the file name's symbol table

entry is entered into an attribute of the same

record.

59 <empty>

Same as 49 above.

51 <file-list> ::, <file-element>

52 < (file-list> <file-element>

53 (file-element> ::- BLOCK <integer> RECORDS

54 I RECORD (rec-count>

The record length Is saved for comparison with

the calculated length from the picture clauses.

55 1 LABEL RCORDS STANDARD

56 1 LABEL RECORDS OMITTED

57 V TALUI OF <id-string>
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58 <rec-count> ::= <Integer>

59 < (integer> TO <integer>

The TO option is the only indication that the file

will be variable length. The maximum length must be

saved.

60 <york> ::- WORKING-STORAGE SECTION . <record-description>

If the level stack (ID$STACK) contains a record

identifier with a level number greater than one,

then the stack must be reduced. The reduction

depends on whether the identifier on the top of

the stack Is a redefinition of the item beneath

it or not. The primary action is to assign the

proper amount of storage to the last record in

the WORKING STORAGE SECTION.

61 < (empty>

62 (link> ::-LINKAGE SECTION . <record-description>

63 < (empty>

64 <record-description> ::, <level-entry>

65 I<record-description> <level-ectry>

66 <level-entry> ::- (integer> (data-id> <redefines>

<data-type>

The symbol table address for the level entry

identifier is loaded into the level stack

(ID$STACE). The level stack keeps track of the

nesting of field definitions (elementary items)

In a record in the FILE and WORKING STORAGE

44
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SECTIONS. At this point there may be no infor-

mation about the length of the item being defined

and its attributes may depend entirely upon its

constituent fields. Within the FILE SECTION,

multiple record descriptions for a file are

assumed to be redefinitions of the first record

description. In the WORKING STORAGE SECTION, if

there is a VALUE CLAUSE, the stack level to which

it applies is saved in PENDING$LITERAL, the level

entry number is saved in VALUE$LEVEL and a flag,

VALUE$FLAG, is set.

67 <data-id> ::i (id>

68 1 FILLER

An entry is built in the symbol table to recorl

information about this record field. It cannot be

used explicitly in a program because it has no name,

but its attributes will need to be stored as part of

the total record.

69 <redefines> ::- REDEFINES (id>

The redefines option gives new attributes to a

previously defined record area. The symbol table

pointer to the area being redefined Is saved in an

attribute of the redefining identifier's symbol table

entry, so that information can be transferred to the

area by either identifier. In addition to the inform-

ation saved relative to the redefinition, it is nec-
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essary to check to see if the current identifier's

level number is less than or equal to the level number

of the identifier currently on the top of the level

stack. If this is true, then all Information for the

item on top of the stack has been saved and the stack

can be reduced. It the current identifier is a redef-

inition of another identifier, the stack entry for the

record being redefined is not removed until the first

non-redefinition of a current identifier at the same

level.

70 1 <empty>

As In production 64, the stack (ID$STACKI is checked

to determine if the current level number indicates a

reduction of the level stack is necessary. In add-

ition, special action needs to be taken if the new

level is 01. If an 01 level is encountered at this

production prior to production 39 or 40 (the end of

the file area), it is an implied redefinition of the

previous 01 level record. In the WORKING SORAGE

SZCTION, it indicates the start of a new record.

71 <data-type> ::- (prop-list>

72 1 <mpty>

73 <prop-list> t:- <data-element>

74 I <prop-list> <data-element>

75 <data-element> ::- PIC <Input>

The (input> at this point is the character string
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that defines the record field. It is analyzed and the

necessary extracted information is stored in the

symbol table.

76 1 USAGE COMP

The field is defined as a binary field; however,

COMP has not been implemented, therefore, if

there is an associated VALUF CLAUSE, the value is

entered into the associated identifier's value

storage location in display format.

77 1 USAGE COMP-3

The field is defined as a packed Binary Coded Decimal

field.

78 1 USAGE COMPUTATIONAL

Optional form of USAGE COMP.

79 1 USAGE DISPLAT

The DISPLAY format is the default, and thus no

special action occurs.

8 o SIGN LEADING <separate>

This production indicates the presence of a sign in

a numeric field. The sign will be in a leading

position. If the <separate> indicator is true,

then the length will be one longer than the PICTURE

CLAUSE, and the type will be changed to signed

numeric leading and separate.

81 I SIGN TRAILING <separate>

The same information required by production 73 must

47



be recorded, but in this case the sign Is trailing

rather than leading.

82 - OCCURS <integer> INDEXED <id>

83 OCCURS <integer>

The type must be set to indicate multiple

occurrences and the number of occurrences saved

for computing the space defined by this field.

84 1 SYNC <direction>

Syncronization with a natural boundary is not

required by this machine.

85 1 VALUE <literal>
The field being defined will be assigned an Initial

value determined by the value of the literal through

the use of an INT operator. This is only valid in

the WORKING-STORAGE SECTION. Note that numeric and

signed numeric PICTURE CLAUSES will have a numeric

-- no quotes delimiting -- VALUE CLAUSE, while

alphanumeric and alpha types will have a nonnumeric

-- literal delimited with quotes -- VALUE CLAUSE.

86 <direction> :2- LEFT

87 1 RIGHT

88 1 <empty>

89 <separate> :: SEPARATE

The separate sign indicator is set.

9, I <empty>

91 <literal> .:- <input>
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The input string is checked to see if It is a valid

numeric literal, and if valid, it is stored to be

used in a value assignment.

92 1 <lit>

This literal is a quoted string.

93 I ZERO

As the case of all literals, the fact that there

is a pending literal needs to be saved. In this

case and the three folloving cases, an indicator

of which literal constant is being saved is

all that Is required. The literal value can be

reconstructed later.

94 I SPACE

95 1 QUOTE

96 <Integer> ::= <input>

The input string is converted to an integer value

for later Internal use.

97 (id> ::- <input>

The input string is the name of an Identifier and

is checked aginst the symbol table. If it is in the

symbol table, then a pointer to the entry is saved.

If It is not in the symbol table, then it Is

entered and the address of the entry is saved.

D. INTERFACE ACTIONS
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When compilation is suspended in PART ONE of the

compiler certain key variables are saved for use in PART

TWO. These variables are declared sequentially in PART ONE

and are therefore located in contiguous memory in the

variable area of PART ONE. These variables consist of

debugging toggles set when invoking the compiler, i.e.

sequence or token numbers, a pointer to the next available

address in the symbol table, a pointer to the next character

in the input source file, the output and list file control

blocks, the output and list buffers, the error counter, tte

next address in the intermediate code area, the next address

in the constants area, and the base address of the sym"bol

table. These key variables, consisting of 353 bytes, are

copied to the 353 bytes immediately below the READER routine

to insure they are not destroyed when PART TWO of the

compiler is brought into memory. Since the memory area

required for PART ONE is larger than that required by PART

TWO the symbol table does not need to be relocated. Since

the symbol table Is not altered when PART TWO of the

compiler is brought into memory only the base address of the

symbol table and the last address of the symbol table need

be saved to insure that access to the symbol table can be

continued in PART TWO. See Figure [II-10 for an

Illustration of the memory organization when control Is

transfered from PART ONE to READER. The READER routine

causes PART TWO of the compiler to be brought into memory
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starting at 100H and then transfers control to PART TWO of

the Compiler.

1. COMPILER MODULE "PART TWO"

1. Purpose

The second part of the compiler scans and parses the

MICRO-COBOL source statements starting with the PROCEDURE

DIVISION and generates the necessary intermediate code.

2. Control Actions

The first action after control is transfered to PART TWO

from the READER routine is to copy the 353 bytes of

information saved from PART ONE into associated variables in

PART TWO. kfter these variables are initialized all

references to files, symbol table entries, etc. can be made

in PART TWO and compilation can continue. See Pigure (II-11

for an Illustration of the memory organization at the time

PART TWO begins compilation.

3. Symbol Table Entries

Entries made in the symbol table by PART TWO will be

those for paragraph labels encountered within the PROCEDURE

DIVISION of the source program.

4. Intermediate Code Generation
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For an explanation of the pseudo-instructions that are
generated by PART TWO refer to the compiler program listings ~

and the parser actions below. Also, for general Information

on pseudo-instructions refer to section III-D. F
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MEMORY ORGANIZATION VREN CONTROL IS TRANSFERED TO READER

Top of Memory
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MEMORY ORGANIZATION AFTER PART TWO IS COPIED INTO MEMORY

I----.......... I Top of Memory

BDOS
OD1009

READER Routine
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Free
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........... Top of Symbol
Table from.
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FIGURE 11-11
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5. Parser Actions

The actions corresponding to each parse step in PART TWO

are explained below. In each case, the grammar action that

is being applied Is given, and an explanation of what

program actions take place for that step has been included.

In describing the actions taken for each parse step there

has been no attempt to describe how the symbol table entries

are made, what pseudo instructions are generated or how the

values are preserved on the stack. The Intent of this

section is to describe what information needs to be retained

and at what point in the parse it can be determined. Where

no action is required for a given statement, or where the

only action is to save the contents of the top of the steck,

no explanation is given.

1 <p-div'> : = PROCEDURE DIVISION (using>

<proc-body> EOF

This production indicates termination of the

compilation. If the program has sections, then

it will be necessary to terminate the last section

with a RET 0 instruction. The code will be ended

by the output of a TER operation.

2 <using> ::- USING <id-string>

If the reserved word CALL is on the procedure stack then

the PAR operator is produced followed by the addresses

of the parameters that will be passed from the calling
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program. If the reserved words PROCECEDURE DIVISION are

on the procedure stack then the identifier stack contains

the formal parameters that will be used for that procedure.

These variables are given sequential address locations

starting at ODH so that the addresses may be resolved at run

time by getting the actual parameter address off the call

stack.

PAR (number of parameters> <parameter #1 address>

3 < <empty>

4 <id-string> ::- (id>

The identifier stack is cleared and the symbol

table address of the identifier is loaded into

the first stack location.

5 <id-string> <id>

The identifier stack is incremented and the symbol

table pointer stacked.

6 <proc-body> ::< paragraph>

7 1 <proc-body> <paragraph>

8 <paragraph> ::- <id> .

9 0id> . <sentence-list>

The starting and ending address of the paragraph

are entered into the symbol table. A return is

emitted as the last instructio in the paragraph

(RIT 0). When the label is resolved, it may be

necessary to produce a BST operation to resolve

previous references to the label.

56

. J_ 1" A!. 7.



10 1 <Id> SECTION

The starting address for the section is saved. If

it is not the first, then the previous

section ending address is loaded and a return

(RT 0) Is output. As in production 9, a BST may

be produced.

11 <sentence-list> < (sentence>

12 < (sentence-list> <sentence>

13 <sentence> ::< imperative>

14 < (conditional>

15 E ENTER <id> <opt-id>

This construct is not implemented. An ENTER allows

statements from another language to inserted In the

source code.

16 <imperative> ::= ACCEPT <subid>

ACC <address> <length>

17 <arithmetic>

18 1 CALL <call-lit> <using>

The SBR operator is produced.

SIR <subroutine name>

19 1 CLOSE <close-lst>

CLS <file control block address>

20 (file-act>

21 1 DISPLAY <display-lst>

The display operator is produced for the first

literal or identifier.
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DIS <address> <length> <flag>

22 1 DISPLAY <display-lst> VITH NO

ADVANCING

The DISPLAY VITH NO ADVANCING option is not Implemented.

23 tEXIT <program-id>

RET 0

24 GO <d>

BRN (address>

25 1 CO (id-string> DEPENDING <id>

GDP is output, followed by a number of parameters:

<the number of entries in the identifier stark>

<the length of the depending identifier> <the

address of the depending Identifier> <the address

of each Identifier in the stack>.

26 1 MOVE <lit/td> TO <subid>

The types of the two fields determine the move that

is generated. Numeric moves go through register tvo

using a load and a store. Non-numeric moves depend

upon the resultant field and may be either MOV, MED or

MNT. Since all of these instructions have long

parameter lists, they have not been listed in

detail.

27 1 OPEN <act-lst>

28 1 PERFORM (id> <thru> <finish>

The PER operation is generated followed by the

<branch address> <the address of the return
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statement to be set> and <the next Instruction

address>.

29 1STOP (terminate>

If there is a terminate message, then STr is

produced followed by (message address> <message

length>. otherwise STP Is emitted.

30 (close-Ist> 00 (d

31 1<close-ist> (id>

Multiple close option is not Implemented.

32 <display-lit> ::<lit/id>

33 1<display-It> <lit/id>

Multiple display option Is not Implemented.

34 (act-ist> ::- (type-action> (open-lst>

This produces either ON, OP1, or 0P2 depending

upon the <type-action>. Each of these is followed

by file control blocX address.

35 1<act-Ist> (type-action> (open-It>

36 <open-lit> 00 (d

37 1 open-It> <id>

Multiple open option Is not implemented.

38 <finish> ::- (1/id> TIMES

This produces the code to perform a paragraph (1/id> TIMES.

39 1 stopconditiou>

40 I<varying> <iteration> (stopcondition>

41 1<empty>

42 <stopcondition> ::UNTIL <condition>
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43 (varying> ::- VARTING <subid>

44 <iteration> ::- <from,> <by>

45 (from> ::- FROM <1/id>

The counter is initialized to <1/id>.

46 <by> ::- BT <1/id>

The counter Is Incremented BT <1/id>.

47 <conditional> ::= (arithmetic> <size-error> <Imperative>

A BST operator is output to complete the branch around

the imperative from production 11?.

48 <file-act> <invalid> <imperative>

A BST operator is output to complete the branch from

production 116.

49 t <read-id> <special> <imperative>

A 3ST Is produced to complete the branch around the

<Imperati ve>.

50 <if-nonterminal> <condition>

<if-lst> <else> <if-lst> END-IF

NMG will be emitted unless <condition> is a

"NOT (cond-type>", In vhich case the two negatives

will cancel each other. Two BST operators are required.

The first fills In the branch to the ELSE action. The

second completes the branch around the (if-lst>

which follows YLSE.

51 (if-nonterminal> <condition>

tf-lst> END-IF

52 <if-ist> :- <stmt-lst>

I
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53 1 NEXT SENTENCE

A branch operator is produced to branch to the end of

the current sentence.

54 <else> ::- ELSE

55 <IArithmetic> ::- ADD <add-lst> TO <subid> <round>

The existence of multiple load and store instructions

make it difficult to indicate exactly what code vill

be generated for any of the arithmetic instructions.

The type of load and store will depend on the nature

of the number involved, and in each case the standard

parameters will be produced. This parse step will in-

volve the following actions: first, a load will be

en'itted for the first number into register zero. If

there is a second number, then a load into register

one will be produced for it, followed by an ADD and a

STI. Next a load into register one will be generated

for the result number. Then an ADD instruction will

be emitted. Finally, if the round indicator is set, a

RND operator will be produced prior to the store.

56 1 ADD (add-lst> GIVING <subid> (round>

The ADD GIVING option is not implemented.

57 1 DIVIDE (1/ld> INTO <1/id> (round>

The first number is loaded into register zero. The

second operand is loaded into register one. A DIV

operator is generated, followed by a RND operator

prior to the store, if required.
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58 1 DIVIDE <1/id> BY <1/id> GIVING

<subid> ,round>

The DIVIDE GIVING option is not implemented.

59 1 DIVIDE <1/id> INTO <1/ld> GIVING

<subid> <round>

60 I MULTIPLY <l/id> BY <subld> <round>

The multiply Is the same as the divide except that a

MUL operator is generated.

61 1 MULTIPLY <1/d> BY <1/id> GIVING

<subid> <round>

62 I SUBTRACT <sub-lst> FRCM <subid>

<round>

Subtaction generates the same code as the ADD except

that a SUP Is produced in place of the ALD.

63 ISUBTRACT <sub-lst> GIVING <subid>

<round>

The SUBTRACT GIVING option is not implemented.

64 1 COMPUTE <subid> - <arith-exp>

The COMPUTE verb Is not implemented.

65 <add-lst> ::, <1/id>

66 1 <add-lst> <1/id>

Multiple ADD option Is not implemented.

67 <sub-1st> ::- <1/id>

68 1 <sub-1st> <1/id>

Multiple SUBTRACT option is not implemented.

69 <arith-exp> ::- <term>
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Productions 69 through 80 are required for the COMPUTE

verb and are not implemented.

70 1 <arith-exp> + <term>

71 1 <arith-exp> - (term>

72 1+ <term>

73 -term>

74 (term> ::= <primary>

75 <term> * <primary>

76 <term> / <primary>

77 (primary> ::= <prim-elem>

78 I (primary> ** <prim-elem>

79 <prim-elem> ::= (/id>

8 o ( <arlth-exp> )

81 <file-act> ::= DLETE (Id>

Either a DLS or a DLR will be produced along with the

required parameters.

82 1 REWRITE <Id>

Either a RVS or a RWR is emitted, followed by parame-

ters.

83 1 WRITE <id> <special-act>

There are four possible write instructions: WTF, WVL,

VRS, and WRR.

84 <condition> ::- <bterm>

The logical OR and AND operators are not implemented.

85 1 <condition> OR <bterm>

86 <bterm> ::- <bprm>
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87 , <bterm> AND <bprim>

88 <bprim> ::- <lit/id>

89 G (it> <not> <cond-type>

One of the compare instructions Is produced. They are

CAL, CNS, CNU, ROT, RLT, REQ, SOT, SLT, ard SEQ.

Two load instructions and a SUE will also be penerated

If one of the register comparisons is required.

90 ( <bterm> )

91 <cond-type> :: NUMERIC

92 1 ALPHABETIC

93 < (compare> (lit/id>

94 <not> ::= NOT

NEG is emitted unless the NOT is part of an IF

statement in which case the NEG in the IF

statement is cancelled.

95 1 <empty>

96 <compare> ::- GREATER

97 LESS

98 1 EQUAL

go >

Productions 99-101 are not implemented.

101

102 <ROUND> :: ROUNDED

103 1 <empty>

104 <terminate> ::= <literal>
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105 1 RUN

106 <special> <:: i <nvalid>

107 1 END

An OR operator is emitted followed by a zero. The

zero acts as a filler in the code and will be back-

stuffed with a branch address. In this production

and several of the following, there is a forward

branch on a false condition past an imperative action.

For an example of the resolution, exariine production 48.

108 (opt-id> ::= (subid>

109 (empty>

110 <stmt-lst> :: <imperative>

ill 1 <stmt-lst> (imperative>

112 (conditional>

113 1 <stmt-lst> <conditional>

114 (thru> := THRU <id>

115 < <empty>

116 (invalid> ::= INVALID

INV 0

117 (size-error> ::= SIZE ERROR

SIR 0

118 (special-act> :< (when> ADVANCING <how-many>

119 (empty>

120 <when> ::= BEFORE

121 AFTER

122 (how-many>::- <Integer>
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123 1 PAGE

124 <type-action> :: INPUT

125 1 OUTPUT

126 1-0

12? <subld> ::- <subscript>

128 0id>

129 <integer> ::- <input>

The value of the input string is saved as an Internal

number.

130 <id> ::= <input>

The identifier is checked against the symbol table, if

it is not present, it is entered as an unresolved

label.

131 <1/id> ::= <input>

The input value may be a numeric literal. If so, it

is placed in the constant area with an TNT operator.

If it is not a numeric literal, then it must be an

identifier, and it is located in the symbol table.

132 <subscript>

133 1 ZERO

134 <subscript> ::= <id> ( <subscript-lst> )

A SCR operator is produced with the base address of a

variable defined with an OCCURS clause. Vultiple

subscripting has not been implemented.

135 <subscript-lst> ::- <input>

136 1 <subscript-lst> , (input>
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137 <call-lit> :: <lit>

The name of the module to be called is saved for use

in production 18.

138 <nn-lit> ::= <lit>

The literal string is placed into the constant area

using an INT operator.

139 1 SPACE

14e I QUOTE

141 <literal> ::= <nn-lit>

142 < (input>

The input value must be a numeric literal to be valid

and is loaded into the constant area using an INT

operator.

143 ZERO

144 <lit/id> ::< (1/id>

145 1 <nn-lit>

146 <program-id> :: (id>

147 <empty>

148 <read-ld> ::- READ <id>

There are four read operations: RDF, RVL. RRS, an

RRR.

149 <If-nonterminal>::-IF
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III. NPS MICRO-COBOL INTERPRETER f
A. GENERAL DESCRIPTION

The folloving sections describe the NPS MICRO-COBOL

pseudo-machine in terms of the Implementation, memory

organization, interface actions and Interpreter

instructions. The pseudo-machine, which Is constructed in

the transient program area of CP/M, is the target machine

for the compiler and is implemented through a programmed

interpreter. The interpreter decodes each operation and

either calls subroutines to perform the required actions or

acts directly on the run time environment to control the

actions of the interpreter. All communications between

instructions Is done through common areas in the program

where information can be stored for later use. See figure

[III-1] for an illustration of the pseudo-mechine

organi zati on.

The machine contains a program counter and multiple

parameter operations which contain all the information

required to perform one complete action required by the

language. Three eighteen digit, double length registers are

used for arithmetic operations, along with a subscript stack

used to compute subscript locations, a parameter stack to

resolve the address of actual parameters and a set of flags

which are used to pass branching Information from one
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instruction to another.

Addresses in the pseudo-machine are represented by 16

bit values. Any memory address greater than 20 hexidecimal

is valid. Addresses less than 20 hexidecimal will be

Interpreted as having special significance. ?or example

addresses one through eight are reserved for subscript stack

references. All other addresses. in the machine are absolute

addresses

The registers allow manipulation of signed numbers up to

eighteen digits in length. Included in their representation

is a sign indicator and the position of the assumed decimal

point for the currently loaded number. Numbers are

represented in standard COBOL "Display" or "Binary Coded

Decimal" (COMP-3 or BCD) format. These numbers may have

separate signs indicated by "+" and "-" or may have a zone

indicator, denoting a negative sign, in the most significant

byte of a number's storage location. Pefore operations occur

on any number, It is converted to a tacked decimal format

and entered into one of the pseudo-machine registers.

B. MEMORY ORGANIZATION

The memory of the pseudo-machine Is divided into three

major areas: 1.) the data area is established by the DATA

DIVISION statements of the source program, 2.) the constants

area which is established by both the DATA and PPOCEDURE
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DIVISIONS of the source program, and 3.) the code area which

is established by the PROCEDURE DIVISION.

The data area Is the lowest area in the pseudo-machine.

This area contains the storage for identifiers declared in

the DATA DIVISION. Additionally, the data area contains the

File Control Block (FCB) and the buffer space (12S bytes)

for all files leclared in the source program.

Immediately following the data area is the code area.

This contiguous area of storage contains all executable code

generated. The constants area is located in high memory of

the pseudo-machine. This area contains all edit field masks

as well as all numeric and non-numeric literals. Figure

[III-1] illustrates the memory organization of tne

pseudo-machine.
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C. INTERPRETER INTERFACE

The interpreter consists of two interface routines and

the main Interpreter program. To execute the Interpreter the

command EXEC <filename>, (where file type Is CIN), is typed

at the terminal. This action causes the two Interface

routines, BUILD and INTRDR, to be brought Into iremory. See

figure (111-2] which illustrates the memory organization

immediately after BUILD and INTRDR have been copied into

memory.

The BUILD routine reads in the intermediate code,

initializes all memory locations requiring Initialization,

and resolves all unresolved address references. In addition

the BUILD routine loads subroutines into memory. If a SBR

instruction is encountered during execution of PUILD, the

SUB$FLAG is set as an indicator that subroutines will have

to be loaded. The name of the subroutine is saved and when

the TER instruction is encountered a check of the SU2$FLAG

is made and if set each subroutine is loaded into memreory. A

table similar to the compiler's symbol table Is used to

maintain the names, location, and status (loaded or

unloaded) of each subroutine. Until a subprogram is loaded

the actual branch address is not known. The sare mechantism.

used for resolving forward branches to paragraphs is used to

backstuff all previous references to the called procedure.

Once loaded the address is known so no futher action is
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required. See figure (111-5] for an illustration of a

subroutine table entry.

The INTRDR routine reads the interpreter program into

memory and transfers control to it.

The Intermediate code instructions fall Into two

categories: 1.) instructions used by BUILD to establish the

run time environment and, 2.) instructions to be executed by

the interpreter. The following four Instructions are

generated in the compiler for use by the BUILD routine; SCD,

INT, DST, and TER.

The SCD (start code) instruction is the last instruction

generated by PART ONE and indicates where the first

executable instruction for the Intermediate code is to be

loaded. This corresponds to the address immediately

following the data area in the pseudo-machine. See Figure

(III-11 which illustrates the relative location of the

address that Is associated with the SCD instruction. Figure

[111-41 illustrates the memory organization of the

pseudo-machine when subroutines are used.
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The INT (initialize) instruction causes the BUILD

routine to initialize the data area with the values

associated with those identifiers in the DATA DIVISION of

the source program that had VALUE CLAUSES. In addition, the

INT instruction causes the BUILD routine to initialize the

constants area with all the edit irasks for those identifiers

of the numeric and alphanumeric edit type, and all literals

encountered in the PPOCEDURE DIVISION of the source program.

The BST (backstuff) instruction resolves all unresolved

references, i.e. branches to labels defined after the

respective PERTORM or GO statement was encountered in the

source program.

The TER (terminate) instruction is the last instruction

generated by PART TWO of the compiler and indicates the end

of the Intermediate code file. Upon encountering a TER

instruction in the intermediate code the PUILD routine

inserts a STP instruction in its place. The STP instruction

will cause the interpreter to terminate interpretation of

the program when encountered.

All other code generated by the coirpiler is copied into

the code area of the pseudo-machine by the BUILD routine.

See Figure (111-31 for an illustration of the ireirory

organization at this point in the initialization routine.

The final action taken by the BUILD routine is to rove the

INTIDI routine into the input buffer at 86! and transfer

control to It. This frees the area fromr 100? to the base of
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the data area for the interoreter.

The INTRDR routine reads the interpreter program into

memory starting at 100! and transfers control to it. From

this point on the Interpreter program executes the

Intermediate code that was loaded into the pseudo-machine.
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MEMORT ORGANIZATION AFTER THE INTERMEDIATE CODE.
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SUBPROGRAM TABLE ENTRY

BYTE SU3PROGRAM TAPLE INTRY

0-1 collision link
(60 00)

2-3 subpro ram address
(48 52)

4-5 1 lov$offset

(00 00)
---------- ------------- --

5-6 high$offset
(00 00) - - - - - - - -

7-14 file name
(49 43 31 35 32 20 20 20)

15 load$flag
(00)

CALL '1C152'

FIGURE 111-5
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D. PSEUDO-MACHINE INSTRUCTIONS

This section briefly covers the pseudo-machine

instructions used in the interpreter, their format, end the

actions which they accomplish.

1. Forma t

All of the interpreter instructions consist of an

instruction number followed by a list of parameters. The

following sections describe the instructions, list the re-

quired parameters, and describe the actions taken by the

machine in executing each instruction. In each case, parame-

ters are denoted informally by the parameter naive enclosed

in brackets. The BPN branching instruction, for example,

uses the single parameter (branch address> which is the tar-

get of the unconditional branch.

As each instruction number is fetched from memory,

the program counter is incremented by one. The program

counter is then either incremented to the next instruction

number, or a branch Is taken.

The three eighteen digit registers which are used by

the instructions covered in the following sections are re-

ferred to as registers zero, one, and two.

2. Arithmetic Operations

There are five arithmetic instructions which act

upon the three registers. In all cases, the result is
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Placed in register two. Operations are allowed to destroy

the input values during the process of creating a result,

therefore, a number loaded into a register is not available

for a subsequent operation.

ADD: (addition). Sum the contents of register zero

and register one.

Parameters: no parameters are required.

SUB: (subtract). Subtract register zero from register

one.

Parameters: no parameters are required.

MUL: (multiply). Multiply register zero by register

one.

Parameters: no parameters are required.

DIV: (divide). Divide register one by the value in

register zero. The remainder is not retained.

Parameters: no parameters are required

RND:(round). Round register two to the last signifi-

cant decimal place.

Parameters: no parameters are required.

3. Branching

The machine contains the following flags which are

used by the conditional Instructions in this section.

BRANCH flag -- indicates If a branch is to be taken;

END OF RECORD flag - indicates that an end of

input condition has been reached when an attempt was made
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1I.
to read input;

OVERFLOW flag -- indicates the loss of irformation

from a register due to a number exceeding the available

size;

INVALID flag -- indicates an invalid action in

writing to a direct access storage device.

All of the branch instructions are executed by

changing the value of the program counter. Some are uncon-

ditional branches and some test for condition flags which

are set by other Instructions. A conditional branch Is exe-

cuted by testing the branch flag which is initialized to

false. A true value causes a branch by changing the pro-

gram counter to the value of the branch address. The branch

flag is then reset to false. A false value causes the pro-

gram counter to be Increrrented to the next sequential in-

struction.

BRM: (branch to an address). Load the program

counter with the (branch address>.

Parameters: (branch address>

The next three instructions share a common format.

The memory field addressed by the (memory address> is

checked for the <address length>, and if all the characters

match the test condition, the :anch flag is complimented

Parameters: <mireory address> (address length> <branch ad-

dress>

CAL: (compare alphabetic). Compare a meirory field
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for /alphabetic characters.

CNS: (compare numeric signed). Compare a field for

numeric characters allowing for a sign character.

CNU: (compare numeric unsigned). Compare a field for

numeric characters only.

DEC: (decrement a counter and branch if zero).

Decrement the value of the <address counter> by one; if the

result is zero before or after the decrement, the program

counter is set to the <branch address>. If the result is

not zero, the program counter is incremented by four.

Parameters: <address counter> <branch address>

EOR: (branch on END OF RECORD flag). If the END

OF RECORD flag is true, it is set to false and the program

counter Is set to the <branch address>. If false, the pro-

gram counter is incremented by two.

Parameters: <branch address>

GDP: (go to - depending on). The memory location ad-

dressed by the <number address> Is read for the number of

bytes indicated by the <memory length>. This number indi-

cates which of the <branch addresses> is to be used. The

first parameter is a bound on the number of branch ad-

dresses. If the number is within the range, the program

counter is set to the indicated address. An out-of-bounds

value causes the program counter to be advanced to the next

sequential instruction.

Parameterss <bound number - byte> <memory length> <emory
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address> (branch addr-l> (branch addr-2> ... (branch addr-n>

INV: (branch if INVALID flag true). If

the invalid-file-action flag is true, then it is set to

false, and the program counter is set to the branch ad-

dress. If it is false, the program counter is incrementel

by two.

Parameters: (branch address>

PER: (perform). The code address addressed by the

<change address> is loaded with the value of the <return ad-

dress>. The program counter is then set to the <branch ad-

dress>.

Parameters: <branch address> <change address> <return ad-

dress>

RET: (return). If the value of the <branch address>

is not zero, then the program counter is set to Its value,

and the (branch address> is set to zero. If the (branch ad-

dress> is zero, the program counter is incremented by two.

Parameters: (branch address>

REQ: (register equal). This instructior, checks for a

zero value in register two. If it is zero, the branch flag

is complemented. A conditional branch is taken.

Parameters: (branch address>

RCT: (register greater than). Register two is

checked for a negative sign. If present, the branch flag is

complemented. A conditional branch is taken.

Parameters: (branch address>
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RLT: (register less than). Register two is checked

for a positive sign, and if present, the branch flag is com-

plemented. A conditional branch is taken.

Parameters: <branch address>

SER: (branch on size error). If the overflow flag Is

true, then the program counter is set to the branch address,

and the overflow flag is set to false. If it is false, then

the program counter is incremented by two.

Parameters: (branch address>

The next three instructions are of similar form in

that they compare two strings and set the branch flag if

the condition is true.

Parameters: <string addr-l> <string addr-2> <length - ad-

dress> <branch address>

SEQ: (strings equal). The condition is true if the

strings are equal.

SGT: (string greater than). The condition is true If

string one is greater than string two.

SLT: (string less than). The condition is true if

string one Is less than string two.

4. Moves

The machine supports a variety of move operations

for various formats and types of data. It does not support

direct moves of numeric data from one memory field to anoth-

er Instead, all numeric moves go through the registers.
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The next seven instructions perform the same

function. They load a register with a numeric value and

differ only In the type of number that they expect to see in

memory at the <number address>. All seven Instructions

cause the program counter to be incremented by five. Their

common format is given below.

Parameters: <number address> <byte length> <byte decimal

count> <byte register to load>

LOD: (load literal). Register two is loaded with a

constant value. The decimal point indicator is not set in

this instruction. The literal will have an actual decimal

point in the string if required.

LD: (load numeric). Load a numeric field.

LD2: (load postfix numeric). Load a numeric field

with an internal trailing sign.

LD3: (load prefix numeric). Load a numeric field

with an internal leading sign.

LD4: (load separated postfix numeric). Load a numer-

ic field with a separate leading sign.

LD5: (load separated prefix numeric). Load a numeric

field with a separate trailing sign.

LD6: (load packed numeric). Load a packed numeric

field.

MED: (move into alphanumeric edited field). The

edit mask is loaded into the (to address> to set up the

move, and then the <from address> information Is loaded. The
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program counter Is incremented by ten.

Paraimeters: <to address> (from address> <length of tove

address> (edit mask address> <edit mask length, address>

MNE: (move into a numeric edited field). First the

edit mask is loaded Into the receiving field, and then the

information is loaded. Any decimal point alignment required

will be performed. Truncation of significant digits will not

set the overflow flag. The program counter is incremented by

twelve.

Parameters: (to address> (from address> <address length of

move> <edit mask address> <address mask length> (byte to de-

cimal count> (byte from decimal count>

MOT: (move into an alphanumeric field). The memory

field given by the <to address> is filled by the from field

for the <move length> and then filled with blanks In the

following positions for the (fill count>.

Parameters: <to address> (from address> <address move

length> <address fill count>

STI: (store immediate register two). The contents of

register two are stored into register zero and the decimal

count and sign indicators are set.

Parameters: none.

The store instructions are grouped in the same order

as the load instructions. Register two is stored Into

memory at the indicated location. Alignment Is performed

and any truncation of leading digits causes the overflow
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flag to be set. All six of the store instructions cause

the program counter to be incremented by four. The format

for these instructiors is as follows.

Parameters: <address to store into> (byte length> (byte de-
cimal count>

STO- (store numeric). Store Into a numeric field.

STO: (store postfix numeric). Store Into a numeric

field with an internal trailing sign.

ST2: (store prefix numeric). Store into a numeric

with an Internal leading sign.

ST3: (store separated postfix numeric). Store into a

numeric field with a separate trailing sign.

ST4: (store separated prefix numeric). Store into a

numeric field with a separate leading sign.

ST5: (store packed numeric). Store into a packed

numeric field.

5. Input-Output

The following instructions perform input and output

operations. Files are defined as having the following

characteristics: they are either sequential or random

and, in general, files created in one mode are not required

to be readable in the other mode. Standard files consist

of flxed length records, and variable length files need not

be readable in a random mode. Further, there must be

some character or character string that delimits a variable
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length record.

ACC: (accept). Read from the system input device

Into memory at the location given by the <memory address>.

The program counter is incremented by three.

Parameters: <memory address> <byte length of read>

CLS: (close). Close the file whose file control

block is addressed by the (fcb address>. The program counter

is incremented by two.

Parameters: (fcb address>

DIS: (display). Print the contents of the data field

pointed to by <memory address> on the system output device

for the indicated length and advance the line output if

<flag> Is set. The program counter is incremented by four.

Parameters: <memory address> <byte length> (flag>

There are three open Instructions with the same for-

mat. In each case, the file defined by the file control

block referenced will be opened for the mode indicated. The

program counter is incremented by two.

Parameters: <fcb address>

OPN: (open a file for input).

OPi: (open a file for output).

OP2: (open a file for both input and output). This

is only valid for files on a random access device.

The following file actions all share the same for-

mat. lach performs a file action on the file referencea by

the file control block. The record to be acted upon is
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given by the <record address>. The program counter is in-

cremented by six.

Parameters: (7CB address> <record address> <record length -

address>.

DLS: (delete a record from a sequential file). Re-

move the record that was just read from the file. The file

is required to be open in the Input-output mode.

RDF: (read a sequential file). Read the next record

into the memory area.

WTF: (write a record to a sequential file). Append a

new record to the file.

RVL: (read a variable length record).

VVL: (write a variable length record).

RWS: (rewrite sequential). The rewrite operation

writes a record from memory to the file, overlaying the last

record that was read from the device. The filc must be open

In the input-output mode.

The following file actions require random files

rather than sequential files. They make use of a random file

pointer which consists of a (relative address> and a <re-

lative length>. The memory field holds the number to be

used in disk operations or contains the relative record

number of the last disk action. The relative record number

is an index into the file which addresses the record being

accessed. After the file action, the program counter

is Incremented by nine.
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Parameters: <FCB address> <record address> <record length -

address> <relative address> <relative length - byte>.

DLR: (delete a random record). Delete the record ad-

dressed by the relative record number.

RRR: (read random relative). Read a random record

relative to the record number.

RRS: (read random sequential). Read the next sequen-

tial record from a random file. The relative record number

of the record read is loaded Into the memory reference.

RWR: (rewrite a random record).

WRR: (write random relative). Write a record into

the area indicated by the memory reference.

WRS: (write random sequential). Write the next

sequential record to a random file. The relative record

number Is returned.

6. Subroutine Instructions

The next three instructions are used to transfer

control to a subroutine and pass the location of formal

parameters.

BIT: (exit subroutine). The program counter is set

to the last value on the return stack and the actual

partaireters on the parameter stack are removed revealing any

parameters that may be needed in the calling procedure.

Parameters: No parameters are required.

SBR: (call a subroutine). The program counter Is
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set to the beginning address of the called procedure. The

return address is added to the return stack.

Parameters: <procedure name-8 bytes>

PAR: (parameter list). The parameters are added to

the parameter stack.

Parameters: <number of parameters> <address parameter 1>

<address parameter 2>

7. Special Instructions

The remaining instructions perform special functions

required by the machine that do not relate to any of the

previous groups.

REG: (negate). Complement the value of the branch

flag.

Parameters: No parameters are required.

LDI: (load a code address direct). Load the coae

address located five bytes after the LDI instruction with

the contents of <memory address> after it has been converted

to binary.

Parameters: <memory address> <length - byte>

SCR: (calculate a subscript). Load the subscript

stack with the value indicated from memory. The address

loaded into the stack is the (initial address> plus an

offset. Multiplying the <field length> by the number in the

<memory reference> gives the offset value.

Parameters: <initial address> <field length> <memory refer-
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ence> <memory length> <stack level>

STD: (stop display). Display the indicated informa-

tion and then terminate the actions of the machine. The

operator is given a choice to allow the machine to continue

or to terminate Its actions.

Parameters: <memory address> (length - byte>

STP: (stop). Terminate the actions of the machine.

The following instructions are actually instructions to the

build program in setting up the machine enviromnent and are

not used in the normal execution of the machine.

Parameters: no paraneters are required.

BST: (backstuff). Resolve a reference to a label.

Labels may be referenced prior to their definition, requir-

ing a chain of resolution addresses to be maintained In tne

code. The latest location to be resolved Is maintained in

the symbol table and a pointer at that location indicates

the next previous location to be resolved. A zero pointer

indicates no pricr occurrences of the label. The code ad-

dress referenced by (change address> is examined and if

it contains zero, it is loaded with the <new address>. If

it is not zero, then the contents are saved, and the

process is repeated with the saved value as the change ad-

dress after loading the <new address>.

Parameters: <change address> (new address>

iNT: (initialize memory). Load memory with the (in-

put string> for the given length at the <memory address>.
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Parameters: <memory address> (address length> (input

string>

SCD: (start code). Set the initial value of the pro-

gram counter.

Parameters: <start address>

TER: (terminate). Terminate the initialization pro-

cess and start executing code.

Parameters: no parameters are required.
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IV. SYSTEM DEBUGGING METHODS AND TOOLS

A. DEBUGGING METHODOLOGT

Initial debugging began with implementation of key

components of the compiler/interpreter that had prevented

use of the Navy's ADPSO validation test programs.

Additional work on the validation test programs was

necassary to eliminate ard/or correct minor errors within

the test programs themselves. Once these errors were

corrected the compiler/interpreter was able to compile and

execute the ADPESO programs completely and an overall view

of the problems and errors within the system was available

for analysis.

Since compile time for each of the three main modules --

PART ONE, PART TWO, and INTERP -- took a mimimum of

forty-five minutes, a step-wize refinement technique was

employed. First the simplest problems were corrected all at

the same time. Once this was accomplished the remaining

problems were handled one at a time to prevent introducing

new problems from side effects of the corrections. rebugging

could then be confined to only one problem and side effects

kept to a minimum. This technique required more compilations

but it was felt that attempting to correct more than one

problem at a time could cause severe side effects with an

increase In overall debugging time.
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B. INTERACTIVE TOOLS

Because the MICRO-COBOL compiler and interpreter were

Implemented under the CP/M operating system, the Symbolic

Instruction Debugger [7], SID, which expands upon the

features of the Dynamic Debugging Tool [8], DDT, was

employed. Specifically, SID includes real-time breakpoints,

fully monitored execution, symbolic disassembly, assembly,

and memory display and fill functions. One feature which

allowed the setting of breakpoints at actual memory

locations corresponding to a program's source lines and

symbolic names was used quite extensively. Another useful

facility was the ability to display and alter the programs

symbolic values, which enabled the substitution of values to

check a proposed solution to an error.

C. CROSS REFERENCE LISTINGS

Another useful facility vhich eased the debugging effort

was the cross reference listings produced by the PLMeO

compiler used to compile the MICRO-COBOL compiler and

Interpreter. There were three different listings produced

after each compilation: 1.) a line numbered source listing,

2.) a symbol address table, which included the name and

actual memory address assigned for all symbols declared, and

3.) a line address table which cross referenced every line

in the source listing with the 8080 code generated by the
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PLM80 compiler for that particular line. These listings were

almost indispensable with regard to testing and debugging,

and their contribution cannot be overemphasized.

D. VALIDATION TESTS

The primary method for discovering errors was the

HYPO-COBOL Compiler Validation System (ECCVS) Tape (from the

Automated Data Processing Equipment Selection Office

(ADPESO)). The transfer of these test programs from tape to

a usable form on floppy diskettes was accomplished by Kiefer

and Perry [141. Additional errors were discovered through

several additional test programs written to test areas that

were not tested by the ADPESO programs or constructs that

were not contained in the HYPO-CODOL specifications.
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V. CONCLUSIONS AND RECOMMENDATIONS

The entire MICRO-COBOL Compiler/Interpreter has been

tested, debugged and documented. The following specific

language features and facilities previously not implemented,

or implemented incorrectly, have been successfully

implemented, tested and debugged during this project: 1.)

the compiler's ability to handle any sequence of MICRO-COBOL

language constructs (PIC CLAUSE, VALUE CLAUSE, OCCURS

CLAUSE, and USAGE COMP-3 CLAUSE) in the declaration of an

identifier, 2.) record identifier declarations with up to

ten levels of elementary field items, 3.) record and

elementary field identifier redefinitions, 4.) nested

redefinitions, and 5.) error message generation for

duplicate identifier declarations within the DATA DIVISION,

rework of the BCD aritheietic package including the ROUND

and SIZE ERROR options, 7.) implementation of the Move

Numeric Edited command, 8.) implementation of nested

IF-THUN-ELSE statements, 9.) implementation of the PERFORM

VARYING clause, 10.) modification of all MOVE commands, L.)

modification of the EXIT clause for use with subroutines,

12.) modification of the STOP DISPLAY clause to allow

operator restart, 13.) implementation of subroutines

Including the CALL, USING and LINKAGE SECTION clauses, 14.)

modification of the WRITE BEFORI/AFTE clause, 15).
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Implementation of COMP-3 and SIGN LEADING/TRAILING options,

16.) addition of the list and code compiler toggles to

include a list file with errors and line numbers and the

capability of surpressing code generation for rapid syntax

checking, and 1?) expansion of the grammar to include the

COMPUTE verb, the logical operators "AND" and "OR", indexed

files, and the relational operators ", , and "u'.

NPS MICRO-COBOL compiles at a rate of approximately 500

lines per minute using a Z-eO microprocessor with a 4MEZ

clock on a standard eight inch floppy diskette. Vith the use

of optional toggles such as NO$CODE or NO$LIST compilation

rate increases to approximately 700 lines per minute and a

maximum rate of approximately 900 lines per minute vith both

NO COD? and NO$LIST toggles selected. Memory usage is kept

to a minimum through the use of overlays thus allowing

fairly complex COBOL programs to be written and executed on

a modest size microcomputer system. The present development

system is designed to run in only 48K of main memory and can

run in as little as 201 or as much as the 641 maximum

address space of an e80 or Z-82 microcomputer. These tvo

features in addition to clear error diagnostics make the NPS

MICRO-COBOL compiler/interpreter an excellent tool for

teaching introductory COBOL programming.

NPS MICRO-COBOL has been validated by the corplete

ADPRSO validation test package for RYPO-COVOL. In addition

to the twenty-five test programs from that package, several
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test programs designed to test the additional features

implemented which were not in HYPO-COBOL and several

application programs have been compiled and executed to the

sum of approximately 50,ee lines of COROL code.

In addition, the NPS MICRO-COBOL compiler documentation

has been updated. This documentation includes the following:

1.) module organization, 2.) module interfaces, 3.) memory

organization of the Interpreter, 4.) construction and data

Initialization of the symbol table, and 5.) key internal

data structures.

Several areas remain which could be implemented to

enhance the NPS MICRO-COBOL compiler/interpreter system,

these include: 1.) implementation of the COMPUTE verb, 2.)

implementation of multiple Open's, and Close's, 3.)

implementation of multi-dimensional tables, 4.)

implementation of the logical operators "AND" and "OR", and

5.) implementation of the optional comparison operators "<,

"", and =
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I. ORGANIZATION

The compiler is designed to run on an 8080 system in an

interactive mode through the use of a teletype or console.

It requires at least 24K of main memory and a mass storage

device for reading and writing. The compiler is composed of

two parts , each of which reads a portion of the input file.

Part One reads the input program to the end of the Data

Division and builds the symbol table. At the end of the Data

Division, Part One is overlayed by Part Two which uses the

symbol table to produce the code. The output code is written

as it is produced to minimize the use of internal storage.

The IXEC Program builds the core image for the

intermediate code and performs such functions as

backstuffing addresses and offsetting address in

subroutines. EXIC then copies the interpreter(CINTIRP.COM)

into memory and transfers control to the it. The interpreter

is controlled by a large case statement that decodes the

instructions and performs the required actions.
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II. MICRO-COBOL ELEMENTS

This section contains a description of each element in

the language and shows simple examples of their use. The

following conventions are used in explaining the formats:

Elements enclosed in broken braces < > are themselves

complete entities and are described elsewhere in the ianual.

Elements enclosed in braces f } are choices, one of the

elements vhich is to be used. Elements enclosed in brackets

( 1 are optional. All elements in capital letters are

reserved words and must be spelled exactly.

User names are indicated In lower case. These names are

unrestricted in length, however they must be unique within

the first 15 characters. The only other restriction on user

names is that the first character must be an alpha

character. The remainder of the user name can have any

combination of representable characters in it.

The input to the compiler does not need to conform to

standard COBOL format. free form input will be accepted as

the default condition. If desired, sequence numbers can be

entered in the first six positions of each line. However, a

toggle needs to be set to cause the compiler to Ignore the

sequence numbers.
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The first character position on any line Is used to

indicate the following:-

*-Indicates a comment entry.

-Indicates a debugging line.

/-Indicates a page eject.



IDENTIFICATION DIVISION

ELEMENT:

IDENTIFICATION DIVISION Format

FORMAT:

IDENTIFICATION DIVISION.

PROGRAM-ID. <comment>.

[AUTHOR. <comment>.]

tDATE-WRITTEN. <commect>.)

[SECURITT. <co"ment>.1

DESCRIPTION:

This division provides information for program iden-

tification for the reader. The order of the lines Is

fixed.

EXAMPLES:

IDENTIFICATION DIVISION.

PROGRAM-ID. SAMPLE.

AUTHOR. HAL R POWELL.
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ENVIRONMENT DIVISION

ELEMENT:

ENVIRONMENT DIVISION Format

FORMAT:

L ENVIRONMENT DIVISION.

CONFIGURATION SECTION.

SOURCE-COMPUTER. <comment> (DEBUGGING MODE].

OPJECT-COMPUTEE. <comment>.

(INPUT-OUTPUT SECTION.

FILF-CONTROL.

<file-control-entry>.•.

(I-O-CONTROL.

SAME file-name-1 file-name-2 [file-name-31

[file-name-4] [file-name-51. I I I

DESCRIPTION:

This division determines the external nature of a

file. In the case of CP/M all of the files used can be

accessed either sequentially or randomly except for

variable length files which are sequential only. The
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debugging mode Is also set by this section. The

DEBUGGING MODE clause is used in conjunction with the

''to indicate conditional compilatio- If this

clause Is spec~ified all debugging lines (those with a

''in column one) are compiled. If this clause is nott

specified, all debugging lines are treated as

commn'ents. In addition the DEBUGGING MOD! can be

specified by using the compiler toggle 'D'.



<fi le-control-entry>

ELEMENT:

(file-control-entry>

PORTMAT:

1.

SELECT tile-name

ASSIGN Implementor-name

[ORGANIZATION SEQUENTIAL]

[ACCESS SEQUENTIAL].

2.

SELECT file-name

ASSIGN implementor-name

ORGANIZATION RELATIVE

(ACCESS [SEOUENTIAL (RELATIVE data-naanelil.

(RANDOM RELATIVE data-name

3.

SELECT tile-name
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ASSIGN implementor-name

ORGANIZATION INDEXED

[ACCESS (SEQUYNTIALI].

[RANDOM I

DESCRIPTION:

The tile-control-entry defines the type of file that

the program expects to see. There is no difference on

the diskette, but the type of reads and writes that

are performed will differ. For CP/M the iirpleirentor

name needs to conform to the normal specifications.

Indexed Is not implemented.

EXAMPLES:

SELECT CARDS

ASSIGN CARD.YIL.

SELECT RANDOM-FILE

ASSIGN A.RAN

ORGANIZATION RELATIVE

ACCESS RANDOM RELATIVE BAND-FLAG.
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DATA DIVISION

ELEMENT:

DATA DIVISION Form~at

FORMAT:

DATA DIVISION.

[TILE SECTION.

cyr tile-name

[3LOCK integer-i RPCORDS]

[RECORD (integer-2 TO] integer-3J

(LABEL, RECORDS (STANDARDI]

{OMITTED

(VALUE OF Implefrentor-name-1 literal-i

[implem~entor-nanie-2 lit eral-2] ... I.

((record-description-entry>1 ... ] I0

(VORKING-STORAGE SECTION.

(<record-description-entry)1SO I

(LINKAGE SECTION.



(<record-description-en~ry>J] ...

DISCRIPTIOIE:

This is the section that describes how the data is

structured. There are no major differences from stan-

dard CO3OL except for the following: 1. Label

records make no sense on the diskette so no entry is

required. 2. The VALUE OF clause likewise has no

meaning for CP/M. If a record is given two lengths as

in RECORD 12 TO 128, the file is taken to be variable

length and can only be accessed In the sequential

mode. See the section on files for more information.
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<comment>

ELEM'ENT:

<comment>

FORMAT:

any string of characters

DESCRIPTION:

A comment is a string of characters. It iray include

anything other than a period followed by a blank or a

reserved word, either of which terminate the string.

Corments may be empty if desired, but the terminator

is still required by the program.

EXAMPLES:

this is a comment

anotheroneallruntogether

8080b 16K
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<da ta-descripti on-entry>

ELEMENT:

<data-description-entry> Format

FORMAT:

level-number (data-name)

{FILLER }

(REDEFINES data-name]

[PIC character-string]

(USAGE {COMP 1

(C OMP-.3

{COMPUTATIONALI

{DISPLAY)

(SIGN {LEADING) [SYPPARATEII

{TRAILING)

(OCCURS Integer]

(SYNC (LEFT 1

(RI GET]
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[VALUE literal].

DESCRIPTION:

This statement describes the specific attributes of

the data. Since the 8086 is a byte machine, there vas

no meaning to the SYNC clause, and thus it has not

been implemented, hovever existing programs that are

transfered to MICRO-COBOL and use this feature viii

compile and execute successfully. All numeric data are

maintained in DISPLAY format or packed BCD If the

COMP-3 option is used.

EXAMPLES:

01 CARD-RECORD.

02 PART PIC X(5).

62 NEXT-PART PIC 99V99 USAGE DISPLAY.

02 FILLER.

03 NUMB PIC S9(3)V9 SIGN LEADING SFPARATF.

03 LONG-NUMB 9(15).

03 STRING REDEFINES LONG-NUMB PIC 1(15).

62 ARRAY PIC 99 OCCURS 100.
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PROCEDURE DIVISION

ELEMENT:

PROCEDURE DIVISION Format

FORMAT:

1.

PROCEDURE DIVISION [USING nan el (name2] ... [naweSl.

section-name SECTION.

[paragraph-name. <sentence> [<sentence> ... 1 ... .

2.

PROCEDURE DIVISION [USING namel (name2] ... (name5]].

paragraph-name. <sentence) [<sentence> ....

DESCRIPTION:

As is indicated, if the program is to contain sec-

tions, then the first paragraph must be in a section.
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<sentence>

ILIMINT:

<sentence>

FORMAT:

* (Imperative-statement>

<conditional-statement>
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<impera tive-statement>

ELEMENT:

<Imperative-statement>

YORMAT:

The folloving verbs are always imperatives:

ACCEPT

CALL

CLOSE

DISPLAY

EXIT

0

MOVE

OPEN

PERFORM

STOP

The following way be Imperatives:

arithiretic verbs without the SIZE ERROR statement

and DILITZ, VEITE, and RIVRITE vithout the INVALID option.
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ELEMEOT:

<conditndonal-Sta teteents>

FORMAT:

IF

READ

arithmetic verbs with the SIZE ERROR statement

and DELETE, WRITE, and REWRITE with the INVALID option.
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ACCEPT

ELEMENT:

ACCEPT

PORMAT:

ACCEPT <identifier>

DESCRIPTION:

This statement reads up to 255 characters from' the

console. The usage of the Item must be DISPLAY.

EXAMPLES:

ACCEPT IMMAGE.

ACCEPT NUM(9).
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ADD

ELEMENT:

ADD

FORMAT:

ADD (identifier-1} [(identifier-2 }] ... TO identifier-m

{literal-1 } {literal-2 }

[ROUNDED] [SIZE ERROR <imperative-statement>]

DESCRIPTION:

This instruction adds either one number to a

second with the result being placed in the last loca-

tion. Multiple adds have not been implemented.

EXAMPLES:

ADD 10 TO NUM31

ADD I TO Z ROUNDED.

ADD 10 TO NUMBER SIZE ERROR GO ERROR-LOC
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CALL

ELEMENT: [

CALL

FORMAT:

CALL literal [USING namel (name2l ... [nameN)]

DESCRIPTION:

Control is transfered to the called procedure with an

address of each of the parameters to be passed. The

parameters map to those in the linkage section of the

called program. The type and size of the parameters

must match exactly.

EXAMPLES:

CALL 'NC152' USING DNl

CALL 'PRINT'

CALL 'ADDLIST' USING VAR1 VAR2 VAR3
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CLOSE

ELEME NT:

CLOSE

FORMAT:

CLOSE file-name

DESCRIPTION:

Tiles must be closed if they have been written. How-

ever, the normal requirement to close an Input file

prior to the end of processing does not exist.

EXAMPLES:

CLOSE FIL11

CLOSE RANDFILE
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DELETE

ELEMENT:

DELETE

FORMAT:

DELETE file-name [INVALID (imperative-statement>1

DESCRIPTION:

This statement requires the file-name of the item

to be deleted. The record is logically removed by

filling it with a high value character, which is not

displayable to the console or line printer. The log-

ical record space can be used again by writing a

valid record in Its place.

EXAMPLES:

DFLITE FILE.-NAME
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DISPLAY

ELEMENT:

DISPLAY

FORMAT:

DISPLAY (identifier] ((identifier-ill . .(identifier-N}1

(literal }(literal-i }...(literal-N

DESCRIPTION:

This displays the contents Of ac Identifier or

displays a literal on the console. Usage trust be

DISPLAY. The maximum length of the display is 80 char-

acters for literal values and 255 characters for

Identifiers.

EXAMPLES:

DISPLAY MESSAGE-i

DISPLAY MESSAGE-3 10

DISPLAY 'THIS MUST 31 TIE INJD'
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DIVIDE

ELEMENT:

DIVIDE *

FORMAT:

DIVIDE (identifier) INTO identifier-i (ROUNDED)

(literal

(SIZE ERROR (imperative-statement>1

DESCRI PTI ON:

The result of the division is stored In identifier-1;

any remainder is lost.

EXAMPLES:

DIVIDE NUMB INTO STORE

DIVIDE 25 INTO RESULT
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EXIT

ELEMENT:

EXIT

FORMAT:

ZXIT (PROGRAM]

DESCRIPTION:

The EXIT command causes no action by the Interpreter

but allows for an empty paragraph for the construction

of a common return point. The optional PROGRAM termi-

nates a subroutine and returns to the calling program.

It's use in the main program couses no action to be

taken.

EXAMPLES:

EXIT PROGRAM

EXIT
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ELEMENT:

FORMAT:

GO procedure-name

2.

GO procedure-i (procedure-2] ... procedure-20

DEPENDING identifier

DESCRIPTION:

The 0O command causes an unconditional branch to the

routine specified. The second form causes a forward

branch depending on the value of the contents of the

Identifier. The Identifier must be a numeric integer

value. There can be no more than 20 procedure names.

EXAMPLES:

GO READ-CARD.

1 2S



GO RIM~ READ2 READ3 DINDING RK'iD-INDIX.
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EL MENT:

IF

FORMAT:

IF <condition> (stmt-lst } END-IF

IF <condition> [stmt-lst } ELSE (stmt-lst} FND-IF

(NEXT SENTENCE) (NEXT SENTENCE)

DESCRIPTION:

This is an enhanced version of the standard COBOL IF

statement. Nesting of 11 statemetts is allowed.

EXAMPLES:

IF A GREATER B ADD A TO C ELSE GO ERROR-ONE END-IF.

IF A NOT NUMERIC NEXT SENTENCE ELSE MOVE ZERO TO A ENC-IF.

IF A LESS B

DISPLAY A

DISPLAY B END-IF.

IF A GRIATER B

DISPLAY A

DISPLAY B
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ELSE

DISPLAY C

DISPLAY D END-IF.

IF A GREATER B

17 A GREATER C

rDISPLAY A

ELSE

DISPLAY C

ZND-IF

ELSE

IF B GREATER C

DISPLAY 3

ELSE

DISPLAY C

IND-IF

END-IF.
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MOVE

ELPMENT:

MOVE

FORMAT:

MOVE [Identifier-I) TO Identifier-2

{literal }

DESCRIPTION:

The standard list of allowable moves applies to this

action. As a space saving feature of this implementa-

tion, all numeric moves go through the accumulators.

This makes numeric moves slower than alpha-numeric

moves, and vhere possible they should be avoided. Any

move that involves picture clauses that are exactly

the same can be accomplished as an alpha-numeric move

If the elements are redefined as alpha-numeric; elso

all group moves are alpha-numeric.

EXAMPLES:

MOVE SPACE TO PRINT-LINE.

MOVE A(le) TO P(PTR).
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MULTIPLY

ELEMENT:

MULTIPLY

FORMAT:

MULTIPLY (identifier} BY identifier-2 [ROUNDED]

[literal 3

(SIZE ERROR <Imperative-statement>]

DESCRIPTION:

The multiply routine uses a double length register to

calculate the result. This allows the result generated

to be of maximum precision. The actual value stored

will be determined by the amount of storage allocated

for the variable. Overflow will occur if the number in

the register is larger than the variable. If the

precision in the register is greater than the variable

trucation occurs unless the round option is specified.

EXAMPLES:

MULTIPLY I BY Y.

MULTIPLY A BY B(7) SIZE ERROR GO OVERFLOW.
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OPEN

ELEMENT:

OPEN

FORMAT:

OPEN {INPUT file-name-1 } [{file-name-2}1

(OUTPUT file-name-l} [[file-name-2}]

(1-0 file-name-1 I [{file-name-2}1

DESCRIPTION:

The three types of OPENS have exactly the same effect

on the diskette. However, they do allow for internal

checking of the other file actions. For example, a

write to a file set open as input will cause a fatal

error. Multiple opens have not been implemented.

EXAMPLES:

OPEN INPUT CARDS.

OPEN OUTPUT REPORT-FILE.
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PERFORP'

ELEMENT:

PERFORM

FORMAT:

II

PERFORM Procedure-tame (THRU procedure-name-21

2.

PERFORM procedure-tame (THRU procedure-name-2i

fidentifier) TIMES

{Integer

3.

PERFORM procedure-name (THRU procedure-name-21

UNTIL <condition>

PERFORM procedure-name VARYING {Identifier)

FROM (14entifier) BT (Identifier}

UNTIL <condition>



DESCRIPTION:

All four options are supported. Branching may be ei-

ther forvard or backward, and the procedures called

may have perform statements in them as long as the end

points do not coincide or overlap.

EXAMPLES:

PERPOPM OPEN-ROUTINE.

PERFORM TOTALS THRU END-REPORT.

PERFORM SUM 10 TIMES.

PERFORM SKIP-LINE UNTIL PG-CNT GREATFR 60.

PERFORM REPEAT-AGAIN VARTING COUNTER FROM 1 B! 2

UNTIL COUNTER EQUAL 10.
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READ

ELEMENT:

READ

FORMAT:

READ file-name INVALID <imperative-statewment>

READ file-name END (imperative-statement>

DESCRIPTION:

The invalid condition is only applicable to files In a

random mode. All sequential files must have an END

statement.

EXAMPLES:

READ CARDS END GO END-OF-FILE.

READ RANDOM-FILE INVALID MOVE SPACES TO REC-1.

137



REWRITE

ELEMENT:

REVR ITE

FORMAT:

REWRITE record-name [INVALID <Imperative>

DESCRIPTION:

REWRITE is only valid for files that are open in the

I-0 mode. The INVALID clause Is only valid for random

files. This statement results in the current record

being vritten back into the place that it was just

read from, the last executed read.

EXAMPLES:

REWRITE CARDS.

REWRITE RAND-1 INVALID PERFORM ERROR-CHICK.
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STOP

ELEMENT:

STOP

FORMAT:

STOP (RUN }

fliteral)

DESCRIPTION:

This statement stops execution of the program. If a

literal is specified, then the literal is displayed on

the console and a prompt is displayed giving the

operator the option of terminating or continuing

program execution.

EXAMPLES:

STOP RUN.

STOP 1.

STOP 'INVALID FINISH'.

For the last two examples the following prompt is

displayed:

OPERATOR ENTER A..(CP> TO CONTINUE
OR ENTER AN S TO TERMINATE.
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SUBTRACT

ELEMENT:

SUBTRACT

FORMAT:

SUBTRACT (identifier-1} [identifier-2] ... FROM identifier-m

(literal-1 } [11teral-2 1

[ROUNDED] [SIZE ERROR <imperative-statement)]

DESCRIPTION:

Identifier-m is decremented by the value of

identifier/literal one. The results are stored back

in identifier-m. Rounding and size error options are

available if desired. Multiple subtracts have not been

Implemented.

EXAMPLES:

SUBTRACT 10 FROM SUB(12).

SUBTRACT A FROM C ROUNDED.
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WRITE

ELEMENT:

WRITE

FORMAT:

1.

WRITE record-name [(BEFORE) ADVANCING [INTEGER)]

(AFTER I (PAGE }

2.

WRITE record-name INVALID <imperative-statement>

DISCRIPTION:

The record specified is written to the file

specified in the file section of the source

prograir. The INVALID option only applies to

random files.

EXAMPLES:

WRITE OUT-FILE.

WRITE RAND-FILE INVALID PERFORM ERROR-RECOV.
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<condition>

ELEMENT:

<condit ion>

FORMAT:

RELATIONAL CONDITION:

(identifier-il (NOT] {GREATER) (identifier-21

[literal-.) {LESS I {literal-2 I

{EQUAL

CLASS CONDITION:

Identifier (NOT] (NUMERIC}

(ALPHABETIC }

DESCRIPTION:

It Is not valid to compare two literals. The class

condition NUMERIC will allow for a sign If the iden-

tifier is signed numeric.

EXAMPLES:

A NOT LESS 10.

LINE GRFATER 'C'.

NUMNI. NOT NUMERIC
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Subscripting

ELEMENT:

Subscripting

FORMAT:

data-name (subscript)

DESCRIPTION:

Any item defined vith an OCCURS mey be referenced by

a subscript. The subscript may be a literal integer,

or it may be a data item that has been specified as an

integer. If the subscript is signed, the sign must be

positive at the time of its use.

EXAMPLES:

A(10)

ITEM(SUB)
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III. COMPILER TOGGLES

There are six compiler toggles which are controlled by

an entry following the compiler activation command, COBOL

(filename>. The format of the entry consists of following

<filename> by one space and then entering a """ followed

immediately by the desired toggles. There must be only one

space after (filename> and no spaces between the "$* and the

toggles. The following is an example of a typical entry:

COBOL EXAMPLE $S

This entry would cause the compiler to ignore the first six

characters(used for sequence numbers) at the beginning of

each input line. In each case the toggle reverses the

default value.

$C -- No intermediate code. Default is off. Setting this

toggle speeds initial compilation for syntax checking. When

this toggle is set the "CII" file is empty.

1-1 Debugging mode. Default is off. This toggle sets

the debugging mode, which means all debugging lines(those

with a ": in column one) are compiled. If this toggle is

not set and the DEBUGGING MODE is not set in the ENVIRONMENT

DIVISION of the source program all debugging lines are

treated as comments.

$L - list the Input code on the screen as the proo'ram
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is compiled. Default is on. Error messages are displayed at

the terminal In any case.

$P - Productions. List productions as they occur.

Default is off.

$S - sequence numbers are In the first six positions of

each record. Default is off.

T-- Tokens. List tokens from the scanner. Default is

off.

W-- Create a list file. Default is off. A listing file

Is created when this toggle is set. When this toggle is not

set the "LST" file will only contain error messages.
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IV. RUN TIME CONVENTIONS

This section explains how to run the compiler on the

current system. The compiler expects to see a file with a

type of CBL as the input file. In general, the input is free

form. If the input includes sequence numbers then the

compiler must be notified by setting the appropriate toggle.

The compiler Is started by typing COBOL <file-name>. Where

the file name is the system name of the input file. There is

no interaction required to start the second part of the

compiler. The output file will have the same <file-name> as

the input file, and will be given a file type of CIN. Any

previous copies of the file will be erased. As with the CIN

file a LST file will be created with the same file name as

the input file and any previous LST files with that name

will be erased.

The interpreter is started by typing IXEC <filename>.

The first program is a loader, and it will display "NPS

MICRO-COBOL LOADER VERS 1.0" followed by the display "LOAD

FINISHED" to indicate successful completion. The run-tie

package will be brought In by the EXEC routite, and

execution should continue without interruption. Succesful

transfer of control to the interpreter will be indicated by

the display "NPS MICRO-COBOL INTERPRETER VERS 1.0".

Completion of program exection will be indicated by the

display X EXFCTION ERROR(S)", where "I" is the number of
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errors which occured during execution.
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V. FILE INTERACTIONS WTH CP/M

The file structure that is expected by the program

imposes some restrictions on the system. References 4 and 5

contain detailed information on the facilities of CP/M, and

should be consulted for details. The information that has

been included in this section is intended to explain where

limitations exist and how the program interacts with the

system.

All files in CP/M are on a random access device, and

there is no way for the system to distinguish sequential

files from files created in a random mode. This meais that

the various types of reads and writes are all valid to any

file that has fixed length records. The restrictions of the

ASSIGN statement prevent a file from being open for both

random and sequential actions during one program.

Each logical record is terminated by a carriage return

and a line feed. In the case of variable length records,

this is the only end mark that exists. This convention was

adopted to allow the various programs which are used in CP/M

to work with the files. Piles created by the editor, for

example, will generally be variable letgth files. This

convention removes the capability of reading variable lergth

files in a random mode.

All of the physical records are 128 bytes in length, and

the program supplies buffer space for these records in
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addition to the logical records. Logical records may be of

any desired length.
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VI. ERROR MESSAGES

A. COMPILER FATAL MESSAGES

BR Bad read -- disk error, no corrective action can be

taken in the program.

CL Close error -- unable to close the output file.

MA Make error -- could not create the output file.

MO Memory overflow -- the code and constents generatel

will not fit in the alloted memory space.

OP Open error -- can not open the input file, or no such

file present.

SO Stack overflow -- the LALR(1) parsing stack has exceeded

its maximum allowable size.

ST Symbol table overflow - symbol table is too large for

the allocated space.

WR Write error -- disk error, coull not write a code

record to the disk.

B. COMPILER WARNINGS

CC Carriage Control error -- The WRITE BEFORE/AFTER

ADVANCING option can only be used with sequential files.

CE Close error - attempted to close a non-existing file.
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DD Duplicate Declaration - the identifier name has been

previously declared.

EL Extra levels -- only 10 levels are allowed.

FT File type -- the data element used in a read or write

statement is not a file nau'e.

IA Invalid access -- the specified options are not an

allowable comoination.

ID Identifier stack overflow -- more than 20 items it a

GO -- DEPENDING statement.

IS Invalid subscript -- an item was subscripted but it

was not defined by an OCCURS.

IT Invalid type -- the field types do not match for this

statement.

LE Literal error -- a literal value was assigned to an

item that is part of a group Item previously assigned

a value.

LV Literal value error -- the PICTURE clause field type

does not match the VALUE clause literal type.

L7 Level 77 error -- level 77 used incorrectly.

MD Multiple decimals -- a numeric literal in a VALUE

clause contains more than one decimal point.

MS Multiple signs -- a signed numeric literal In a VALUE

clause contains more than one sign.

N No file assigned -- there was no SELECT clause for

this file.

NI Not implemented -- a production was used that is rot
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implement ed.

NN Non-numeric -- an invalid character was found In a

numeric string.

NP No production -- no production exists for the cuurrent

parser configuration; error recovery will automatically

occur.

NV Numeric value -- a numeric value was assigned to a

non-numeric item.

O Open error -- attempt to open a file that was not de-

clared; or attempted to open a file for 1-0 that vas

not a RELATIVE file.

OL OCCURS LEVEL -- 01 and 77 levels can .not contain an

occurs clause.

PC Picture clause -- a pic clause exceeds 30 characters.

P1 More than one float symbol declared.

P2 Non-numeric data in repetition clause or missing right

parenthesis.

P3 Invalid or Incompatable symbol in pic clause.

P4 Invalid symbol(s) embedded within a float symbol

only /,0,3,'," alloyed.

P5 Invalid combination of symbols in pic clause, type cannot

be determined.

P6 Number of possible numeric entries exceeds register length

max is 1.

Py Paragraph first -- a section header was produced after

a paragraph header, which is not in a section.
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RI Redefine nesting -- a redefinition was made for an

item which is part of a redefined item.

R2 Redefine length -- the length of the redefinition item

was greater than the item that it redefined. That

is only allowed at the 01 level. This error

message may be printed out one identifier past the

redefining identifier record in which it occurred.

R3 Redefines misplaced -- a redefines was attempted in the

FILE SECTION of the source program.

ST Scanner error -- the scanner was unable to read an

identifier due to an invalid character.

SG Sign error -- either a sign was expected and not

found, or a sign was present when not valid.

SL Significance loss -- the number assigned as a value is

larger than the field defined.

TE Type error -- the type of a subscript index is not

integer numeric.

UD Undeclared identifier -- the identifier was not

declared.

UL Unresolved label -- label has not been referenced.

This warning will be given to all references to

external subroutines.

VE Value error -- a value statement was assigned to an

item in the file section.

VL Wrong level error -- program atter pted to write a

record other than an 01 level record to an output
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file.

C. INTERPRETER FATAL IRRORS

CL Close error -- the system was unable to close an output

file.

CO Call stack Overflow -- insufficient memory available to

transfer varable address' and/or return location for a

subroutine call.

ME Make error -- the system was unable to make an output

file on the disk.

NY No file -- an input file with the given name could not

be opened.

O1 Open Error -- attempt to open a file which was already

open.

OP Open Error -- the system was unable to open a file.

PS Procedure Stack -- not enough memory to load all

subroutines.

SO Subroutine Overflow -- subroutine symbol table overflow.

W1 Write non-sequential -- attempted to WRITE to a file

opened for INPUT or a file opened for I-0 when ACCESS

was SEQUENTIAL.

W2 Wrong key - attempted to change the key value to a

lower value than the number of the last record writ-

ten.
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W3 Write input - attempted to WRITE to a file opened

for INPUT.

W4 Write non-empty -- attempted to WRITE to a non-empty

record.

W5 Read output -- attempted to READ a file opened for

OUTPUT.

W6 Rewrite error -- attempted to REWRITE to a file

not opened for 1-0.

W? Rewrite error -- attempted to REWRITE a record before

reading the file; or multiple REWRITE attempts with-

out doing a READ between each.

D. INTERPRETER WARNING MESSAGES

EM End mark -- a record that was read did not have a

carriage return or a line feed in the expected location.

GD Go to depending -- the value of the depending indicator

was greater than the number of available branch

addresses.

IC Invalid character -- an invalid character was loaded

into an output field during an edited move. For example,

a numeric character into an alphabetic-only

field.

NE Numeric Error -- non-numeric data in an arithretic

operation.
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we Write Error - the system was unable to write to an

output file on th~e disk. Disk wray be full.

SI Sign Invalid -- the sign Is not a +or a
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APPENDIX B

LIST OF MICRO-COBOL RESERVED WORDS

The folloving is a list of reserved words for

MICRO-COBOL. The reserved yords are the same as those

specified for the HTPO-COBOL language, except vhere noted

with an asterisk (*).

ACCEPT END-IF * MODE ROUNDED
ACCESS ENTER MOVE RUN
ADD ENVIRONMENT MULTIPLY SAME
ADVANCING OF * NEXT SECTION
AFTER EQUAL NO * SECURITY
ALPHABETIC ERROR NOT SELECT
AND * EXIT NU4ERIC SENTENCE
ASSIGN rD OBJECT-COMPUTER SEPARATE
AUTHOR FILE OCCURS SEQUENTIAL
BEFORE FILE-CONTROL OF SIGN
BLOCK FILLER OMITTED SIZE
By FROM OPEN SOURCE-COmPUTER
CALL GIVING * OR * SPACE
CLOSE GO ORGANIZATION STANDARD
COBOL GREATER OUTPUT STOP
COMP 1-0 PAGE SUBTRACT
COMP-3 * 1-0-CONTROL PERFORM SYNC
COMPUTATIONAL*IDENTIFICATION PIC THRU
COMPUTE * IF PROCEDURE TIMES
CONFIGURATION INDEXED * PROGRAM TO
DATA INPUT PROGRAM-ID TRAILING
DATE-WRITTEN INPUT-OUTPUT QUOTE UNTIL
DEBUGGING INSTALL&TION * RANDOM USAGE
DELETE INVALID READ USING
DEPENDING INTO * RECORD VALUE
DISPLAT LABEL RECORDS VARYING *
DIVIDE LEADING REDEFINES WITH *
DIVISION LEFT RELATIVE WORKINC-STORAGE
ILSE LESS REWRITE WRITE
END LINKAGE RIGHT ZERO

In iddition the arithemetic operators..'*', - " A "/" and
** , and the comparison operators > , " and - are In
the reserved vord list. None of these symbols are in in RYPO
COBOL but have been added to the crammar of NPS MICRO-COBOL
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to enable greater flexiblity.
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APPENDIX C

The MICRO-COBOL compiler and interpreter source files

currently exist In the high level language PLMSO and are

edited and compiled under the ISIS operating systerr on a

INTEL Corporation MDS system. This Is a description of the

procedures required to compile and establish the programs to

compile and Interpret a MICRO-COBOL program. The MICRO-COBOL

compiler/interpreter runs on any 8080 or Z-80 based

microcomputer that operates under CP/M. The execution of the

following four files will cause a MICRO-COBOL program to be

compiled and executed:

1. COBOL.COM

2. PART2.COM

3. TXTC.COM

4. CINTERP.COM

These four files are created from the following six

PLM89 source prograiYrs.

1. PAR'Y1.PLM

2. Pk1T2.PLM

3. 3U!LD.PLM

4. READER.PLM

5. INTP.DR.PLM

6. INTZRP.PLM
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The procedures used to create the four object files (COM

files) involve compiling, linking, and locating each of the

six source files under ISIS. The SID program is then used

under CP/M to construct the executable files. Each of the

following steps describe the action(s) to be taken and,

where appropriate, the command string to be entered into the

computer.

1. An ISIS system disk containing the PL.8e compiler is

placed into drive A and a non-system disk containing the

source programs is placed into drive B. It should be noted

that drive A and B are the CP/M reference names for the

drives while F1 and P2 are the ISIS reference names used for

the associated disk drives.

2. Compile the PLM source program under ISIS using the

the following command:

PLM80 :Fl:<filename>.PLM DEBUG XREF

DEBUG saves the symbol table and line files for later

use during debugging sessions. IRE? causes a cross-reference

listing, of all identifiers in the source prograrm, to be

created. The cross-reference listing includes each

identifier and the associated line number where the

identifier was declared and the line number of each

occurence of the identifier In the source program (121.

3. Lick the PLM8O object file.
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LINK :Fl:<filename>.OBJ, TRINT.OBJ, PLMEO.LIP, TO

:F1:<fIlename>.MOD

See reference 11 for an explanation of PLF8J.LIB. The

TRINT.OBJ program interfaces the MON1 and MON2 functions of

CP/M to the source program, allowing for the use of absolute

addresses in referencing these functions.

4. Locate the object file.

LOCATE :Fl:(filename>.MOD CODE(org address)

The "org address" is the address where the prograr will

begin to be loaded into memory. The following are "org

addresses" for the associated program:

PART1.MOD 103H

PART2.MOD 103H

INTERP.MOD 103H

INTRDR.MOD 80H

BUILD.MOD 103H

READER.MOD 01009H

The "org addresses" above represent the ones used with a 62K

byte CP/M system. The only address that would need to be

changed if a different size system was used would be the one

for IREADER.MOD. See appendix E for specifics on the address

to use for IREADER.

4a. The two files INTRDR and IREADER just created by the
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LOCATE command must be converted to "HEX FILES". By using

the ISIS command OBJREZ <filename> the file will be

converted to the "HEX file" <filename>.HEI.

5. Replace the ISIS system disk in drive A with a CP/M

system disk and reboot the system.

6. Transfer the located ISIS file from the ISIS disk on

drive I to the CP/M disk on drive A.

FROMISIS <filename>

6a. When transfering the "REX files" to the CP/M disk

use the following:

FROMISIS <filename>.IE F
7. Convert the ISIS file to a CP/M executable form.

OBJCPM <filename>

7a. The "HEX files" are not coverted to a CP/M format,

but are left in HEX format.

?b. The file INTERP should be renamed to CINTEIPP using

the command "REN CINTERP=INTERP" before the file is

converted to CP/M executable form. This is nessacary because

the ISIS operating system allows file names to be only six

letters in length. When EXEC.COM is executed, the message

CINTERP.COM NOT FOUND" will be displayed if this step is

not omitted.

At this point the object file is in machine readable
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form and will run under CP/M when called properly. PART2.COM

and CINTERP.COM are called by PART1.COM (COBOL.COM) and

BUILD.COM (EXEC.COM), respectively and need no further work.

COPOL.COM and EXEC.COM need to be constructed from the

remaining four files.

COBOL.COM is created by entering the following coni'ands:

1. SID PART1.COM

2. IREADER.HEX

3. R8600

4. A314A

5. JMP 03000

6. Control-C

7. Save 56 COBOL.COM

See reference 7 for an explanation of the "I", "R", ant

"A commands used above and ref 5 for an explanation of the

"SAVE" command. Steps four and five above are used to patch

the JUMP to READER referred to in the PART1.PLM program into

the PART1.COM program. It should be noted that each time

PART ONE is changed and recompiled the address of the

"patch" Instruction (step 4 above) will change. Use of the L

command will aid in locating the address that needs to be

changed. The assembly language code will have the following

form: 314A JMP 314A.

EXEC.COt1 is created by entering the following comands:
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1. SID '?UILD.COIM

2. IINTRDR.HEX

3. R1Coo

4. CONTROL-C

5. SAVE 31 EUZC.COM

NPS MICRO-COBOL programs may now be executed in the

following manner. The source program Is named,

(filename>.CBL. The command "COBOL <filenaire>", causes the

MICRO-COBOL source program to be read into tremory and

compiled. During the compilation, the intermediate code

file, <filename>.CIN, is written out to the disk as the code

Is generated. The command "EUv-C (filename>", causes the

file, (filename>.CIN, to be executed.
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APPENDIX D

PART ONE AND PART TWO INTERNAL DATA STRUCTURES

AND SIGNIFICANT VARIABLES

Within PART ONE and PART TWO, many significant data

structures are used by the procedures which constitute tne

scanner and parser. Descriptions are given below for those

structures regarded as important and necessary for future

compiler development.

1. Interfacing Structures

ADD$END -- this variable Is used to hold the end cf file

filler for the end of the source program.

BUFFER(11) -- byte array used to hold the filenare and

filetype If declared, of an input or output file In the

SELECT CLAUSE of the FILE SECTION of a MICRO-COBOL source

program.

BUFFER$END -- address variable which marks the last byte

of the compiler input buffer which is a 128 byte buffer used

for reading the source program.

ERROP$CTR(5) -- byte array used to hold a count of the

total number of errors.

IN$ADDR - address variable, default file control block

used initially to hold the <filename.CBL> of the source

program to be compiled.

IN$UFF -- literal value, marks the first byte of the
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compiler input buffer.

ItEPUT$1VCB -- byte value, based at INtADDR(33), the base

address of the default file control block of the source

program.

LINE$CTR - byte value that keeps track of the number of

lines in the input file. Also used to write the line numbers

to the list file.

LIST$BUF1(128) -- byte array, used as a 128 byte output

buffer for loading the generated list file.

LIST$FCB(33) -- byte array for the list file, file

control block.

LIST$PTR - address value, used as an index itto tne

list buffer (LIST$BUFF).

OUTPUT$BUFF(128) -- byte array, used as a 128 byte

output buffer for loading the generated output (pseudo

instructions) when writing to the intermediate code file.

OUTPUT$CHAR -- byte value, based at the OUTPUT$PTR; used

to identify the particular byte of the output buffer

(OUTPUT$BUFF) to which the next intermediate code

instruction is to be written.

OUTPUTOEND -- address variable, pointer to the end of

the output buffer (OUTPUT$BUFF).

OUTPUT$FCB(33) -- byte array, the FCB for the

intermediate code file <filename.CIN> established in PART

ONE of the compiler and pasted to PART TWO of the compiler

by IREADER module.

166

I,



OUTPVT$PTR -- address value, used as an index into the

output buffer (OUTPUT$BUFF).

POINTER -- address value, the address of the byte

holding the next input character of the source program.

2. Debugging Structures

DEBUGGING -- logical byte value, toggle used in

conjunction with ":" in a MICRO-COPOL source program text;

allows for the compilation or non-compilation of the

deugging statements following the :

ERROR - logical byte value, toggle used to indicate an

error condition and override a nolist condition thus

allowing errors to be written to the list file reguardless

of the writetlst toggle.

LIST$INPUT -- logical byte value, tcggle used to display

or not display a source program to the CRT during

compilation.

NO$CODE -- logical byte value, toggle used to stop code

generation for faster syntax checking.

PARMLIST(9) -- byte array used to hold the toggles set

by the compiler developer or user upon execution of the

command: COBOL <filename.CBL> $TOGGLES.

PRINT$PROD - logical byte value, toggle used to print,

in chronological order, at the CRT the production numbers of

the compiler grammar rules used during a compilation of the

*1 source program.
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PRINT$TOKEN -- logical byte value, toggle used to print

tokens and the numbers assigned to them.

SEQ$NUM -- logical byte value, toggle used to indicate

the presence of sequence numbers in the first six positions

of each line of a source program being compiled.

WRITE$LST -- logical byte value, toggle used to Indicate

whether a list file is to be generated. A limited list file

containing errors and the line being parsed at the time of

the error(s) is always created.

UK$FLAG -- logical byte value, toggle used to indicate

whether there is an undeclared varible.

3. Memory Structures

FOFFILLIR -- literal value, used to test for the

occurrence of an end of file character ("lAH" in CP/M), when

reading the source program.

FRESSTORAGE -- first free address following PART ONE of

the compiler; utilized as the base of the symbol table. This

is the same value as HASHSTAB$ADDR in PART TWO of the

compiler.

INITIALPOS -- address value, the Initial location of

the IRFADER module before it is copied to high memory at

location MAX$MEMORY.

MAX$MEMORY -- address value, the location in high memory

where the IRRADYR module is to be moved.

MAX$INT$MEM -- address value, the highest usable
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addressable memory. This is the point where no more code can

be generated due to insufficient memory.

NIZTtAVAILABLE -- address value, the pseudo machine

memory address for the next machine instruction.

PART1$LEM -- the number of bytes of information saved in

high memory after execution of PART ONE and used to

initialize PART TWO module variables of the compiler.

PASS1tTOP -- this address is used in conjuncticn with

PASSItLEN for locating the fourty-eight bytes of information

saved in PART ONE for use in PART TWO of the compiler.

RDR$LENGTH - literal value representing the 259 bytes

of the IREADER module to be moved from INITIAL$POS to

MAX$MMORT.

4. Scanner Structures:

ACCUM(51) -- an array of 51 bytes; the first byte

contains a count of the total number of characters currently

in the accumulator. This structure holds tokens as they are

scanned, and will hold either a reserved word, a user

defined identifier, or a literal.

COLLISION -- address varible, contained in first two

bytes of an Identifier's symbol table entry and indicates

whether there is another identifier which hashes to the same

hash table address. This address points to that identifier's

address In the symbol table.

DISPLAT(88) -- an array of 74 bytes; the first byte
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contains a count of the total number of characters (1-73)

currently in the display buffer. Every line within a source

program is loaded into this structure for subsequent

printing to the CRT terminal during compilation.

IDITIFLAG -- logical flag which denotes the fact that a

°$' symbol has been loaded into the DISPLAY array durina

compilation. When set the characters within DISPLAY Will be

printed one at a time, until the entire line is printed.

HASRtTABLE$ADDR -- the base of the symbol table

generated In PART ONE, used as the base of the hashtable.

RASR$TAB$ADDR -- this was the address of the bottom of

the symbol table generated in PART ONE of the compiler, and

saved for Part two.

INPUT$STR -- literal value (32), returned to the LALR(1)

parser anytime the token contained in the ACCUM is not a

reserved word or literal.

LITERAL - literal value (15), returned to the LALR(1)

parser anytime the first character encountered by the

scanner is a quote V), prior to loading the ACCUM.

MAZ$LEN - length of the longest reserved word allowed

by MICRO-COBOL.

5. Parser Structures:

BUFUR (31) -- byte array used to store edited PICTURE

CLAUSE characters for subsequent Intermediated code

generati on.
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COMPILING -- logical byte value which indicates that

compiling is taking place or not in PART ONr or PART TWO;

set to FALSE whenever the statestack of the LAL(1) parser

is reduced to a recognizable finished state.

CUR$STM - address variable that holds the address of

the current symbol being accessed In the symbol table.

DUP$IDPN$ARRAT(24) -- address array that holds the

symbol address for all files declared In the INPUT-OUTPUT

SECTION of a source program. When the FILE SECTION entry for

the file is encountered the array is searched to determine

if the file was declared and to insure that a FILE SECTION

entry had not been previously made.

FILEtDESC$FLAG -- logical byte value; indicates whether

the compiler is compiling the FILE rESCRIPTION SECTION of a

source program or not.

FILE$SEC$END --logical byte value set whenever the

parser has parsed passed the PILE SECTION of a source

program.

BOLD$LIT(51) -- byte array, first byte contains a count

of the total number of characters currently stored in the

HOLDLIT buffer which is used to hold characters for a VALLE

CLAUSE.

ID$STACK(10) -- address array which functions as a stack

and is used to hold the addresses of Identifiers at both the

record and elementary levels. Whenever a record identifier

has nested elementary field identifiers it is saved on the
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tD$STACK. Also, anytime a record identifier has succeeding

record identifiers redefining it, it is saved on the

ID$STACK. In the case of multiple record descriptions in a

file description of the FILE SECTION, the record

descriptions following the first record are assumed

redefinitions.

ID$STACK$PTR-- a byte index variable into the ID$STACK

array.

MAX$ID$LEN -- a numeric value (12), maximum lenwth of

any user defined identifier.

MP - byte index variable into the VALUE array.

MPPI -- byte index variable into the VALUE array, one

byte above MP index.

NEMT SYM -- this address indicates the next available

free space for a symbol table entry.

PENDING$LITERAL -- byte value (0,1,2,3,4,5), indicates

the category of the target input to a VALUE CLAUSE.

PINDINGtLIT$ID -- byte value (0,1,2,3,4,5), which is

saved to indicate the category of the most recently

encountered target input to a VALUE CLAUSE.

PRODUCTION - byte value, determined by the parser and

indicates the next semantic action to be taken by the

compiler.

REDF -- logical byte value which allows the testing of

an identifier's storage value size against the storage value

size of a second identifier that redefines the first. Set to
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TRUE when there are multiple record descriptions within a FD

BLOCK In the FILE SECTION, or when a record or elementary

identifier declaration in the WORKING STORAGE SECTION

contains a REDEFINES CLAUSE.

REDEF$FLAG -- logical byte value, used to denote the

scannir.g and parsing of the FILE SECTION of a source

program, helps in identifying duplicate identifiers within

this section.

REDEF$ONE -- address variable that holds the syyrbol

table address of the identifier being redefined by another

identifier.

RFDFF$TWO -- an address variable that contains the

symbol table address of an identifier which redefines

another identifier.

SP -- a byte index for the STATESTACK array and the

VALUE array; points to the top of the STATESTACK array.

STATE - a byte value numeric quantity that indicates

the current parser state.

STATESTACK(40) -- a byte array which stacks the states

(production sequences) the parser passes through while

com piling a source program.

TRUNCiFLAG -- logical byte value that indicates numeric

truncation of an identifier's VALUE CLAUSE input hasn't

occurred, because the identifier's associated PICTURE CLAUSE

has not been scanned and parsed.

VALUIC4e) -- an address array that holds addresses of
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identifiers, specific attributes of these identifiers and

attributes of the current source prograir statement or

sentence being parsed.

VARC(51) - a byte array, the first byte holds the count

of the total number of characters within it, used to hold

all the ASCII characters of tokens scanned within the source

program, excluding reserved words; for subsequent analysis

and processing.

VALUE$FLAG -- a logical byte that is set anytime an

identifier has an associated VALUE CLAUSE; used primarily to

recognize the occurrence of a PICTURE CLAUSE before the

VALUE CLAUSE or when a record entry has a VALUE CLAUSE, but

no associated PICTURE CLAUSE except for those in its

elementary field identifiers.

VALUEMLEVEL -- a byte value which saves the level number

of a record identifier which doesn't have an associated

PICTURE CLAUSE.
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APPENDIX E

MACHINE DEPENDENT VARIABLES

The NPS MICRO-COBOL compiler/interpreter is designed to

operate on any 8060 or Z83 based microcorputer operating

under CP/M with at least 20K bytes of memory. The PIM80

source files have been written in such a way, that certain

variables must be altered in the source code to take

advantage of the machine that the programs are going to be

operating on. This appendix covers those programs and the

variables that must be altered.

1. PART1.PLM

This program has two variables that are memory size

dependent, MAIMEMORT and MAXtINT$MEMORY. The variable

MAX$MEMORT is set to l0H bytes below the base of the PDOS

and is used for the beginning address of the IREADER

routine. The variable MAX$INT$MEMORT is set to the base

address of the BDOS and is used as the upper lirit for the

intermediate code file.

2. PART2.PLM

This program also has two variables that are memory size

dependent, MAX$MEMORT and PASSI$TOP. In this program

MAX$MEMORT is set to the base address of the BDOS while

PASS1$TOP is set to 100E bytes below the base of the BDOS.

3. READER.PLM

Although, this program does not have any memory size
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dependent variables the prograir iust be modified to execute

properly. When using the LOCATE command, under ISIS, this

routine must be located 1OR bytes below the BDOS of the

system. This address would correspond to the values of

MAXtMEMORT in PART2.PLM and MAX$INT$MEMORY in PART1.PLM.

4. BUILD.PLM

This program has one memory size dependent variable,

INTERP$ADDRESS must be set to the same address as CODE$START

in INTERP.PLM.

5. INTERP.PLM and INTRLR.PLM

These two programs have no variables that need to be

altered.

6. GENERAL INFORMATION

The current version of the NPS MICRO-COBOL

compiler/interpreter is designed for continued development

and certain variables are not set to make optimal use of

memory. The variable NEXT$AVAILABLE, In PART1.PLm, Is set to

3502H and CODE$START, in INTEIP.PLM, Is set to 3500H.

Normally, CODE$START would be set to the address immediately

following the last address in CINTERP.COM and NETSAVAILABLE

would be set two bytes above that address. These address are

currently set approximately 450H bytes above where they

should be located, to allow for testing ana expansion of the

interpreter. As soon as Implementation is coipleted these

two addresses can be reset to appropriate values.
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APPENDIX F

MICRO-COBOL PARSE TABLE GENERATION

The parse tables for NPS Micro-Cobol were generated on

the IBM 360 using the LALR(1) parse table generater

described in reference 20. There are basically two steps

Involved in generating the tables. First, a deck of cards

containing the grammar Is entered into the computer using

the following JCL:

//PROGNAME JOB (2320,0417,CS91),'optional data',TIME=5

//GO EXEC PGM= LALR,REGION=220K

//STFPLIB DD DSN=FO119.LALR,UNIT=2314,

VOL=SER=LINDA ,DISP=S.R

//SYSPRINT DD STSOUT=A,DCB=(RECFM=FB,

LRECL=13 ,BLKS IZE=3325),

// SPACE=(CTL,(1,1))

//NONTEPM DD SPACE=(CTL,(1,1)),UNIT=SYSDA

//FSMDATA DD SPACE=(CTL,(1,1)),UNIT=SYSDA

* //PTABLES DD SYSOUT=B,

DCB=(RECFM=FB,LRECL=80 ,BLKSIZE=8eO)

//SYSIN DD

This card can be replaced by //PTABLES DD STSOUT=DU,..Y

to surpress the card punching feature. This allows

modifications to be made without wasting cards until

a new LALR(1) grammer is produced.
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The ouput from this run is a listing and a card deck

containing the tables in IPL coinpatable format. This deck is

then translated into PLM compatible format using the

following JCL and an IPL program which is available In the

card deck library it the Computer Science Department at the

Naval Postgraduate School.

//EXEC XCOM

//COtAP.SYSII DDw

//GO.STSPUNCE DD SYSOUT-B,

DCD=(RECFM=FD,LRECL=80 ,BLISizE-8ee)

//,RO.STSIN DD

The tables are then transferred to a diskette and edited

Into the PLM80 source program using the ISIS COP! and EDIT

features on the INTEL MDS System. See APPENDIX R for the

procedures to transfer files from the IBM-360 to a floppy

diskette.
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APPENDIX G

LIST OF INOPERATIVE CCNSTRUCTS

The following is a list of MICRO-COBOL elemrents that

either have not been implemented.

CLOSE - multiple closes

OPEN - multiple open's

The following HTPO-COBOL elements are part of NPS

MICRO-COBOL only to the extent that they are defined in the

grammar. No code has been written to support them.

COMPUTE

AND and OR

ENTER

COMP and COMPUTATIONAL (binary arithmetic storage and

operations)

INDEXED

MULTI-DIMENSION tables
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!APPENDIX H

IBM TO MICROCOMPUTER TRANSFER PROCEDURES

A CP/M operating system program was written by Prof.

Kodres for the express purpose of transferring ASCII files

from the IPM CP/CMS system. In order to use this program,

several equipment requirements must be ret: a.) Reserve the

appropriate Intel MDS system in the Microcomputer Lab. b.)

Call 646-2721(computer-center) to reserve a high speed(12eO

baud) line to the micro-lab. c.) Connect the line marked

"IBM 1200 BAUD" line to the "black box" marked IBM. which

contains line drivers for the RS-232 circuit. Check that the

toggle switch is in the up/raised position. d.) Connect the

serial connector coming off the MODIFIED single board

computer (marked with a yellow dot) to the other end of the

line driver box. All of the other boards in the MDS are

unmodified with the exception of times when hardware

experimentation is being conducted by various groups of

students and/or facalty.

To commence communication with the 360 - invoke the CP/M

program IBM.COM - an executible file. The program is loaded

and executed by typing "IBM filename.filetype", where

filename.filetype" is selected by the user as the CP/M file

which will be created as a result of a file transfer.

Successful completion of the above steps will result in the

following data being displayed on the CRT:
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(crt echo? y/n) Answer "y"

(n) Placed by the CP/M prograrr

Enter a <CR>

caCP-67 Online Normal CP/CMS signon iessage

At this point login to CP/CMS In a normal manner. Files

are transfered using the CMS command "PRINT" followed by the

name of the file to be transfered followed by a control-R.

This will cause the MDS to be put into the receive mode. A

<CR> will start the file transfer. The CRT should display

the following for a successful file transfer.

PRINT cmsfilename cmsfiletype Enter a control-R

(R) Puts MDS in receive mode

(R. CREATED filename.filetype) Enter a <CR>

---- bytes received END R) Enter a <CR> to re-enter CP

Enter a control-C to reboot

Each file transfer must be done with a seDarate

invocation of the IBM file as all files will be transfered

to the file named when IBM is invoked. Before rebooting for

the last time logout of CP/CMS in the normal manner and call

2721 and Inform the computer center that the high speed line

is available for other user's.
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APPENDIX I

DEBUGGING NPS MICRO-COBOL USING SID

Note: Steps two and three are optional. They are used If

the line numbers in the program listing are to be

used as well as the symbols for pass points.

PART ONE.

1. SID COBOL.COM PART1.SYM

2. 1* PART1.LIN

3. R <ret>

4. I<ftle name.CBL> $(compilier toggles as required>

5. Set desired passpoints

PART TWO.

1. SID COBOL.COM PART2.SrM

2. 1* PART2.LIN

.1. R<ret>

4. i<ile name.CBL> $<compilier toggles as required>

5. T50

6. G,0E003

7. T50

8. G,100

9. Set desired passpoints
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INTERPRETER. Note: Use only STM or LIN files but not both.

1. SID EXEC.COM CINTERP.STM

2. 1* CINTERP.LIN

3. R<ret>

4. I<file name.CIN>

5. G,22E

6. T25

7. G,100

8. Set desired passpoints

These instructions are designed to get the programs to the

proper place to be able to use SID. See reference [8] for

instructions on how to use SID commands. It should be noted

that changes to the routine BUILD will change instruction 5

in the INTERPRETER command list. That command is intended to

stop after BUILD has finished executing and is the location

of the last instruction In that module.
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COMPUTER LISTING FOR MODULE PART ONE NPS MICRO-COBOL

$ TITLE('NPS MICRO-COBOL COMPILER PARTI') PACEWIDTE(80)
PAGELINGTF (60)

PART1 :DO;

/' COBOL COMPILER - PART 1 '/

NORMALLY LOCATED AT 103H *1
/1* GLOBAL DECLARATIONS AND LITERALS "/

DECLARE DCL LITERALLY 'DECLARE',
LIT LITERALLY 'LITERALLY';

DCL CR LIT '13',
KOFFILLER LIT 'IAH', /* END OF RECORD FILLER */
FALSE LIT '0,
ERROR BYTE INITIAL(FALSE),
FILESDESC$FLAG BYTE INITIAL(FALSE),
UI$FLAG BYTE, /*UNDECLARED VAR FLAG*/
FOREVER LIT 'WHILE TRUE',
INITIAL$POS ADDRESS INITIAL(3600H),
L? LIT l1',
MAX$MEMORY ADDRESS INI TIAL(OBOOOE),
QUOTE LIT '27H',
PARMLIST(9) BYTE INITIAL()
PARMS LIT '6D',
PASS1$LEN ADDRESS INITIAL(353),
POUND LIT '23H',
PROC LIT 'PROCEDURE',
RDR$LENGTH LIT '255',
TRUE LIT

DCL MAXLNO LITERALLY '138', /* MAX LOOK COUNT */
MAXPNO LITERALLY '156', /* MAX PUSH COUNT /
MAIRNO LITERALLY '110', /* MAX READ COUNT /
MAISNO LITERALLY '253', /* MAX STATZ COUNT */
STARTS LITERALLY 'I', /* START STATE /
PRODNO LITERALLY '97', /* NUMBER OF PRODUCTIONS */
PROCC LITERALLY '48'. /* PROCEDURE /
TERMNO LITERALLY '64'; /* TERMINAL COUNT */

DCL R ADI (*) BYTE
DATA(0,61,50,60,33,8,25,63,2,33,55,62,11,33,33,41,40,36
,46,9,19,39,6,26,34,59,3,14,15,18,20,33,29,51,33,1,44,40,38,45,1,I,1,I,I,I,I,I,1,1e,1,41,,,,,I.,3.5,42,51,40
,41,I,1,40,16,17,22,30,23,24.58,54,5?,43,37,48,1,?,52,1
,33,1,33,33947,1,33,1,33,1,33,.1,33,49,27,33,39,4,35.56
,42,1,1,33,5,12,13,21,22,28,1,64,1,23,24.58,31,53);

184

4i



DCL LOOKI(*) BYTEDATA (0,8,0,25,0,9,19,0,44, 0,44 ,0,1,0,54,0,5?. 0,43,0,37,0
,52,0,1,0,4990,4,0,35,.56,0.42,0,1,0,2,0,33,0,1.0.1,0,11
,064,097,0,33,0,33,0,33.0) ;

DCL APPLY1(*) BYTE

,106, ,0,0,0,0,103,0,28.0.0,0,0,g8,0,0.0,96,00,0,.,13

.22,41,42,54,58,90,99,100,0);
DCL READ2 (*) BYTE

DATA (0,68,59,6?,168,27,38,72,22,252.63,e9,28,253,231,53
,47,114,115,242,243,45,232,233,235,234,23,249,248,251,250
,247,189,188,184,9,245,49,212,211,7,8,11,13,15,2,3,111,16
,173,4,52,21,14,19,50,12,187,186,185,46,51,20,10,48,31,32
,34,40,36,57,66,62,65,55,44,157,17,26,60,112,169,160,169
,169,57,162,169.164,169,166,169,172,169,58,224,253,209
,24,42,64,54,222,196,253,25,29,113.33,35,39,18,71,179.36
,37,66,41,61);

DCL LOOK2(w) BYTE
DATA (0,5,139,6,14 ,30,30,141,43.142,56,143,144,72,74,145
,75,146,76,147,7?,148,81,149,150,e4,89,151,92,214,93,239
,94,152,95,153,205,96,98,200,99,213,227,101,154,102,103
,192,105,155,156,107 , 108,216,109,218,110, 204) ;

DCL APPLY2(*) BYTE
DATA(0,0,121,158,118,117,119,159,83,122,85,86,87,88,82,80
,126,79,170,135,178,177,106,181,lee,1e2,127,183,175,133
,195,194,100,130,78,134,129,203,202,104,128,208,207,210
,12@,199,137,138,136,221,221,221,220,123,132,97,131,230
,229,240,237,236,241,215,91,125,124,90,116,73,238,190,225
,223,198 198,197);

DCL INDFX1(*) BYTE
DATA(0,1,2,3,4,5,6,7,8,4,4,9,4,9,4,10,4,11,9,117,4,12,13

,13,9,14,15,16,13,17,19,9,21,22,26,27,32,34,35,9,9,13,13
,36,37,38,40,41,42,43,44,45,46,4?,13,48,36,49,13,5,5l,52
,53,54,55,56,57,60,61,e2,63,64,65,69,72,73,74,75,76,?7,?8
,79,80,82,84,86,88,90,92,94,95,97,98,99,100,101,65,102,8
,13,103,105,105,12,111,112,113,11",9,9,9,1.3,,8,10,12
,14,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44.46,48,50
,52,54,56,201,161,244,246,246,206,165,163,167,219,171,1?4
,226,176,191,228,217,193,1,2,3,4,4,.5.5,6,6,7,,8,8,15,15
,16,17,17,18,18,19,19,20,22,22,23,23,23,25.25,25,26,26,27
,27,2 ,28,29,29,30,32,32,34,35.35.36,36,37,39,39,40.40,41
,41,41,41,41,43,43,44,44,45,45,46,4f,49,53,53,54,54,55,55
,56,56,57,57g57,57,57,5?,57,57,57,57.57,59,59,59,60.60.62.
,62,62 62,62,63,e8);

DCL INDEX2(*) BYTE

.1,1.1 .,2,,1 1, ,1199,113, 1,1,9 1 ,1 9,1 , 1 ,1 ,11,11 ,1

*2,2,2,2 ,2,2.2.1,2,1,1.1.1,1,4,1.1.1,2.6,6.1,1,1,4,2,1.1
,1,2,2,3,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2.2,2.2.2
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,2,0,2',30,S,395,0,,4,7,7,10,,1,18,,1,l,12,,3,1,10

/* JOINT DECLARATIONS
TESE ITEMS ARE DECLARED TOGETHER IN THIS SECTION
IN ORDEP TO FACILITATE THEIP 3EING SAVED FOR
TE SECOND PART OF THE COMPILER. ~

DCL DEBUGGING BYTE INITIAL(FALSE),
ERROR$CTR(5)' BYTE INITIAL( 0'.),
LINE$CTR(5) BYTE,
LIST$BUFF(128) BYTE,
LIST$FCB(33) BYTE INITIAL(@,' LST',@,O,g

LIST$INPTT BYTE INITIAL(TRUP),
LIST$PTR ADDRESS,
MAX$INTtMEM ADDRESS INITIAL(OB100),
NEXT$AVAILABLE ADDRESS INITIAL(3502H),
NEXT$SYM ADDRESS,
NO$CODE BYTE INITIAL(FALSE),
OUTPUT$BUTF(128) BYTE,
CUTPUT$FCB(33) BYTE INITIAL(O.' CN,,,

OUTPUTs PTR ADDRESS,
POINTER ADDRESS INITIAL(100H),
PRINT$PROD BYTE INITIAL(FALS!),
PRINT$TOKEN BYTE INITIAL(FALSE),
SpQ$NUm BYTE INITIAL(PALSE),
VRITELST BTT INITIAL(ALSE),
FRIOSTORAGE ADDRESS INITIAL(38008),
!ILE$SECtEND BYTE INITIAL(FALSE),

1* 1 0 BUFTRS AND GLOBALS */
IN$ADDR ADDRESS INITIAL(5CE),
I'(PUT$TCB BASED IN$ADDR(33) BYTE,
LIST$CRAv BASED LISTtPTR BYTE,
LIST$END ADDRESS,
OUTPUT$CRAR BASED OUTPUT$PTR BYTE,
OUTPUT$END ADDRESS;

MONi: PROC MFA) EXTERNAL;
DCL A ADDRESS, F BYTE;

END MONi;

MON2: PROC (7,A) BYTE EXTERNAL;
DCL 7 BYTE, A ADDRESS;

END MON2;

BOOT: PROC EXTERNAL;
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END BOOT;

PRINT$CHAR: PROC (CHAR);
DCL CHAR BYTE;
CALL MONi (2,CHAR);

IND PRINTCEAR;

WRITE$OUTPUT: PROC(BUFF,7C9); /* WRITES OUT A BUFFlER*
DCL (BUFF 7CR) ADDRESS;
CALL MON1126,BUF); /* SIT DMA *
IF MON2(21,FCB) 0> 0 THEN

DO;
CALL MONI(9,.('VR$'));
CALL BOOT;

END;
CALL MON1(26.8@E); /* RESET DMA *

IND VRITE$OUTPTT;

VRIT!$TO$DISK: PROC(CHAR);
DCL CHAR BYTE;
IF (LIST$PTR := LIST$PTR + 1) > LISTtEND THEN

DO;
CALL WRITE$OUTPUT( .LIST$RUFF, .LIsT$FCB);
lIST$PTP - LIST$BTJFF;

END;
LISTCHAR - CHAR;

END VRITE$TO$DISK;

PRINT: PROC (A);
DCL (A,ADDR) ADDRESS,CHAR BASED ADD! BYTE;
ADDR - A;
DO WHILE CHAR 0>''

CALL VRITE$TO$DISK(CHAR);
ADDR - ADD! + 1;

END;
CALL MON1 (9,A);

END PRINT;

CRLF: PROC;
CALL MON1(9,.(CRLF?,'$1));

END CRLF;

DCRLJ: PROC;
CALL VRITE$TO$DISK(CR);
CALL vRITIMT$DSK(LF);

END DCRLF;

INC$CTR: PROC(BASE);
DCL BASS ADDRESS, CTR BYTE, l$BYT BASED BASE (1) BYTE,

TEN LIT '3AH';
CT! 4;
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DO WHILE (3$BYTE(CTR) := B$BTTE(CTR) 1 1) - TYN;
B$BTTE(CTR) = 0 0
I CTR > 0 THEN

IF 3$BYTE(CTR : CTR - 1) = ' " THEN
BSBYTE(CTR) = '0';

END;
END INC$CTR;

PRINT$ERROR: PROC (CODE);
DCL I 1YTE,COD1 ADDRESSCODE1(6) ADDRESS;
I7 CODE = FALSE TREN

DO;
DO I - 0 TO 5;

CODEI) = 0;
END;
I=;

END;
ELSE IF CODE = TRUE THEN

DO;
1= o;

DO WHILE((I <> 6) AND (CODM(I) 0 0));
CALL PRINTC9AR(HIGH(CODE1(I)));
CALL PRINTCRAR(LOW (CODfl(I)));
CALL WRITE$TO$DISK(HIGH(CODE1(I)));
CALL WRITE$TO$DISK(LOW (CODE(I)));
CALL CRF;
CALL DCRLF;
CODEII) =0;
I = I +;

END;
I =;

ERROR - FALSE;
END;

ELSE IF (CODE - 'NP') OR (CODE = 'SL')
OR (CODE = 'NV') TEEN

DO;
ERROR = TRUE;
CALL PRINTCHAR(.IGH(CODE));
CALL PRINTCHAR(LOW(CODE));
CALL INC$CTR(.EPRORtCTR(O));
IF COD? <> 'NP' THEN

DO;
CALL CRLF;
CALL DCRLY;

END;
END;

ELSE
DO;

ERROR - TRUE;
I I 0 6 THEN

DO;
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CODE(I) - CODE;I I 1;
END;

CALL INC$CTR(.ERROR$CTR(0));
END;

END PRINT$ERROR;

FATAL$ERROR: PROC(REASON);
DCL REASON ADDRESS;
CALL PRINT$ERROR(REASON);
CALL PRINT$ERROR(TRUE);
CALL 3OOT;

END FATAL$ERRO ,

OPEN: PROC;
IF MON2 (15,INUADDR) = 255 THEN CALL FATAL$ERROR('OP');

END OPEN;

MORE$INPUT: PROC BYTE;
DCL DCNT BYTE;
IF (DCNT :- MON2(20,.INPUT$FCB)) > 1 THEN

CALL FATAL$ERROR('BR');
RETURN NOT(DCNT);

END MORESINPUT;

MAKE: PROC(FCB);
DCL FCB ADDRESS;
/* DELETES ANY EXISTING COPY OF THE OUTPUT FILE

AND CREATES A NEW COPY*/
CALL MON1(19,FCB);
IF MON2(22,FCB) = 255 THEN CALL FATAL$ERROR('MA');

END MAKE;

MOTT: PPOC(SOURCE, DESTINATION, COUNT);
DCL (SOURCE,DESTINATION,COUNT) ADDRESS,
(S$BTTE BASED SOURCE, D$BYTE BASED DESTINATION) BYTE;
DO WHILE (COUNT :- COUNT - 1) <> eFEFFH;

D$BTTE - S$BYTE;
SOURCE = SOURCE + 1;
DESTINATION - DESTINATION + 1;

END;
END MOVE;

FILL: PROC(ADDR,CHAR,COUNT);
DCL (ADDR,COUNT) ADDPESS,
(CHAR,DEST BASED ADDR) BYTE;
DO WEILE (COUNT :- COUNT - 1) <> OFFFFH;

DEST - CHAR;
ADDR - ADDR + 1;

END;
IND FILL;
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1* * * * * *SCANNER LITS*
DCL INPUT$STR LIT '33',

LITERAL LIT '15'
PERIOD LIT ''

Is * ** *SCANNER TABLES 5 5 5  $
DCL TOKPN$TABLE (*) BYTE DATA

/* CONTAINS TRE TOXEN NUMBER ONE LESS THAN TEE FIRST
PESEIRVED WORD FOR EACH LENGTH OF WORD */
(0,0,1.4,5,15,22,33,4:0,46,469,51,53,58,60,61),

TABLE(*) BYTE DATA('FD','OF','TO'.'PIC','COMP','DATA'.'FILE'
'LErT' ,'MODZ', SAME' ' SIGN', ' SYNC', 'ZERO', 'BLOCK'
'LABEL', 'QUOT.' , 'RIGET' 'SPACE', 'USAGE', 'VALUE' ,'ACCESS'

,'AssIGN','AUTHOR', 'COMP-', 'FLLER', 'OCCURS', 'RANDOM'
,'RECORD' ,'SFLECT', 'DISPLAY', 'INDEXED)','LEADING'
,'LIN!AGE', 'OMITTED', 'RECORDS' ,'S'ECTION ', 'DI VISION'
,'RELATIVI', 'SECURITY', SEPARATE','STANIDARD', 'TRAILING'
* DEBUGGING'I, ' PROCEDURE', 'REDEFINES', 'PROGPAM-ID'
:'SEQUENTIAL' , 'ENVIRONMENT' , '1-0-CONTROL', 'DATE-WRITTEN'
,'FILE-COMTROL', 'INPUT-OUTPUT','INSTALLATION'
* 'ORGANIZATION ', 'COMPUTATIONAL', 'CONFPIGURATION'
'IDENTIFICATION', '1OBJECT-COMPUTER', 'SOURCE-COMPUTERt'

,'WORE ING-STORAGE')

OFFSET (16) ADDRESS
/* NUMBER OF BYTES TO INDEX INTO THE TABLE FOR EACH

LENGTH *1
INITIAL (0,0,0,6.9,4s ,80,134,183,231,258,278,

300,360,3e6,400),

WORD$COUNT (5) BYTE DATA
/* NUMBER OF WORDS OF EACH SIZE 5
(0,0,3,1,9,7?,9,7,6,3,2.2,5,2,1 ,3),

ACCUM$LEN$P$1 LIT '51', /* ACCUM$LENG PLUS 1 5
ACCUM (&CCUM$LEN$P$l) BYTE,
ACCUM$LPNG LIT '50'
ADDSEND(*) BYTE DATA1' PROCEDURE'),
BUTFFER $IN D ADDRESS INITIAL(100H),
CHAR BYTE INITIAL(CR)p
DISPLAYCBS) BYTE INITIAL(5,' 1')
FIRST$LINT BYTE INITIAL(TRUE),
YORMSFEID LIT 'OCR',
HOLD BYTE,
INBUFF LIT 'sea',
LOOKED BYTE INITIAL(FALSE),
MAXSLEN LIT '15',
NEXT BASED POINTER BYTE.
TAB LIT '09',
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TOKEN BYTE; /*RETURNED FROM SCANNER *

** * 4 * PROCEDURES USED BY THE SCANNTP**

NEXT$CHAP: PROC BYTE;
IF LOOKED THEN

DO;
LOOKED = FALSE;
RETURN (CHAR := HOLD);

EN D;
IF (POINTER:-POINTER + 1) >= BUTFFER$END THEN

Do;
IF NOT MORE$INPUT THEN

DO;
BUFFER$VND = .MEMORT;
POINTER = .ADD$END;

END;
ELSE POINTER = INBUFF;

END;I IFP NEXT = ROPPILLER THEN
DO;

BUTYEEND = .MEMORT;
POINTER = .ADD$END;

EN D;
RETURN (CHAR :- NEXT);I END NEIT$CHAR;

GET$CHAR: PROC;
CHAR=NEXT$C EAR;

END GETtCEAR;

DISPLAY$LINE: PROC;
DCL I BYTE;
DO I - 1 TO DISPLAY(S);

IF LIST$ INPUT OR ERROR THEN CALL
PPINTCHAR(DISPLAY( I));

IF VRITE$LST OR ERROR THEN
CALL WRITZ$TO$DISK(DISPLAY(I));

END,*
CALL INC$CTR(.DISPLAT(0));
DISPLAY(S) - 5;

END DISPLAY$LINE;

LOAD$DISPLAY: PROC;
IF DISPLAY(S) < 87 THEN

DISPLAY(DISPLAY(O) :- DISPLAY(S) *1) =CHAR;

CALL GIT$CHAR;
END LOAD$DISPLAY;

PUT: PROC;
17 ACCUM(S < ACCUM$LENG THEN
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ACCUM(ACCUM(9) :-ACCUM(e) 1) CHAR;
CALL LOAD$DISPLAY;

END PUT;

EAT$LINE: PROC;
DO WHILE CHAR > CR;

CALL LOAD$DISPLAY;
END;

END EAT$LINE;

GET$NO$BLANK: PROC;
DCL I BTTE;
DO FOREVER;

IF (CHAR - ' " OR CHAR = TAB) THEN CALL LOAD$DISPLAY;
ELSE IF CIAR=CR THEN

DO;
IF FIRST$LINE THEN

DO;
FIRST$LINI = FALSE;
CALL GET$CHAR;

END;
ELSE

DO;
CALL LOAD$DISPLAY;
CALL LOAD$DISPLAT;
CALL DISPLAY$LINE;
CALL PRINT$ERROR(TRUE);

END;
DO WHILE CHAR - CR;

CALL LOAD$DISPLAY;
CALL LOAD$DISPLAY;
CALL DISPLAT$LINE;

END;
IF SEQ$NUM THEN

DO I a 1 TO 6;
CALL LOADSDISPLAY;

END;
IF CHAR - "*" THEN CALL EAT$LINE;
ELSE IF CHAR - "I" THEN

DO;
IF LIST$INPUT TEM

CALL PRINT$CHAR(FORM$FEED);
IF VRITE$LST THEN

CALL VRITE$TO$DISK(FORM$FEED);
CALL EATLINE;

END;
ELSE IF CHAR = ":" THEN

DO;
IF NOT DEBUGGING THEN CALL EAT$LINE;
ELSE CALL LOAD$DISPLAI;

END;

192

.. ...... :',. .... ,..~~~" -. I



END;
ELSE RETURN;

END; /* END OF DO FOREVER '
END GET$NO$BLANK;

SPACE: PROC DYTE;
RETURN (CHAR - )OR (CHAR -CR) OR (CHAR TAB);

END SPACE;

DELIMITER: PROC BYTE;
IF CITAR 0> '.' TEEN RETURN FALSE;
HOLD - NEZTCHAR;
LOOKED - TRUE;
IF SPACE THIN

DO; CA

RETURN TRUE;
END;

CHAR -*o
RETURN FALSE;

END DELIMITER;

END$OF$TOKEN: PROC BYTE;
RETURN SPACE OR DELIMITER;

END END$OF$TOKEN;

GET$LITERAL: PROC BYTE;
CALL LOAD$DISPLAT;
DO FOREVER;

IF CHAR - QUOTE THEN
DO;

CALL LOAD$DISPLAY;
RETURN LITERAL;

END;
CALL PUT;

END;
END GET$LITERAL;

LOOK$UP: PROC BYTE;
DCL POINT ADDRESSHERE BASED POINT(l) BYTE, I BYTE;

MATCH: PROC BYTE;
DCL J BYTE;
DO J - 1 TO ACCUM(0;

IF HERE(J - 1) <> ACCIJM(J) THEN RETURN FALSE;
END;
RETURN TRUE;

END MATCH;

POINT *OFFSIT(ACCUM(@)) + .TAZLE;
DO I I TO WORD$COUNT(ACCUM(@));
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IF MATCH TEEN RETURN I;
POINT - POINT + ACCUM(e);

END;
RETURN F&LSI;

END LOOK$UP;

RESERVED$VORD: PROC BYTE;
DCL (NUMB,VALUE) BYTE;
I7 ACCUM(O) > MAX$L!N THEN RETURN 0;
IF (NUMB :- TOKEN$TABLE(ACCUM())) = 0 THEN RETURN 0;
IF (VALUE : LOOK$UP) - 0 THEN RETURN 0;
RETURN (NUMB + VALUE);

END ESERVED$VORD;

GW?$TOKEN: PROC BYTE;
ACCUM() - ;
CALL GET$NO$BLANK;
I CHAR - QUOTE THEN RETURN GET$LITERAL;
IF DELIMITER THEN

DO;
CALL PUT;
RETURN PERIOD;

END;
DO FOREVER;

CALL PUT;
IF END$OP$TOKEN THEN RETURN INPUT$STR;

ED; /* OF DO FOREVER /
END GET$TOKEN;

SCANNER: PROC;
DCL CHECK BYTE;
DO iOEvRI;

IF(TOKEN :- GIT$TOKEN) = INPUT$STR THEN
IF (CHECK 2* RESERVED$WORD) <> 0 TEEN

TOKEN - CHECK;
IF TOUN <> 0 THEN RETURN;
CALL PRINT$ERROR ('SE');
DO WHILE NOT END$OF$TOKEN;

CALL GET$CRAR;
END;

IND; .

END SCANNER;

PRINT$ACCUM: PROC;
DCL I BYTE;
DO I w I TO ACCUM(S);

CALL PRINT$CHAR(ACCUM(I));
CALL vRIT:$TO$DISK(ACCUM(I));

IND;
CALL CRLF;
CALL DC3LT;
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IND PRINT$hCCUM;

PRINT$t4UMBIR: PboC(NUIB);
DCL(NUMB,I.CNToK) BYTEv J(*) BYTE DATA(196,10);
DO I = 0 TO 1;

CNT - 0;
DO WHILE NUMB >- (K t- J(I));

NUMB-NUMB - 9;
CNT-CNT + 1;

IND;
CALL PRINTCHAR('e' + CNT);

END;
CALL PRINTCHAR('I' + NUMB);

END PRINT$NUMIIBR;

INIT$SCANNER: PROC;
DCL CON$CBL (*) BYTE DATA ('C3L'),(TEST7LAGI) BYTE;
CALL MO!E(PARMS9.PARMLIST.8);
If PkRMLIST(O) = 'TEN
DO;

DO VEIL! (TESTYLAG :- PARMLIST(I :- I + W) 0
IF TESTYLAG - 'L' THEN LIST$INPUT - NOT LIST$INFUT;
IF TESTYLAG - 'S' THEN SFQ$NUM - NOT SEQ$NUM;
IF TISTPLAG m 'P' THIN PRINT$PROD - NOT PRINT$PROD;
IF TESTFLAG - 'T' THEN PRINT$TOKEN - NOT PRINT$OKEN;
IF TESTFLAG = 'C' THEN NO$CODE - NOT NOtCODE;
IF TESTYLAG - 'V' THIN VRITE$LST = NOT VRITE$LST;
IF TISTELAG - 'D' TEEN DEBUGGING - NOT DEBUGGING;

END;
END;
CALL MOVE(.CON$CBL,IN$ADDR + 9,3);
CALL FILL('IN$ADDR + 12,9,5);
CALL OPEN*
IF NOT NO$CODE THEN

DO;
CALL MOVI(INADDR, .OUTPUT$PCB,9);
OUTPUT$FCB(32) - 0;
OUTPUT$END - (OUTPUT$PTR :- OUTPUT$BUFF 1) *126;
CALL MAKE C.OUTPUT$FCB);

END;
CALL MOVE(INADDR, .LrST$FCB,9);
LIST$?CB(32) a 0;
LIST$ND a (LIST$PTR, t- .LIST$BUTT - 1) + 128;
CALL MAKE(.LIST$FCD);
CALL GET$NOSILANK; /* PRIME THE SCANNER *
CALL PRINT$PRROR(FALSI);
CALL PRtINT(.('NPS MICRO-COBOL COMPILER VERSION 2.0',

END INIT$SC&NNER;
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/* * * * END 0F SCANNER PROCEDURES ***S

/** * * * SYMBOL TABLE DECLARkTICNS *** *

DCLACDR2 LIT ''
CUR.$SYM ADDRESS, /*SYMBOL BEING ACCESSED*/
D$CNT BYTE,
DECIMAL LIT'1,
DISPLACEMENT LIT'1,

* EZL$CNT LIT ''
IASH$MASK LIT '37',

*LEVEL LITli'
LOCATION LIT ''
MAXIM$EN LIT'1,
NEXT$SYMSZNTRY BASED NEXT$SYM ADDRESS,
OCCURS$PTR ADDRESS INITIAL(S),
P$LItGTH LIT #3',
REL$ID LIT '5',
SAVE$ADDR ADDRESS,
S$LENGTR LIT '3',
S$TYPE LIT '2',
START$NkME LIT '13', /*l LTSSO/
SYMBOL BASED CUR$SYM(1) BYTE,
SYMBOL$ADDR BASED CUR$SYM(l) ADDRESS,
TEPMP$PTR ADDRESS,
TEMP$ADDR BASED TEMP$PTR ADDRESS,
TIMP$BYTE BASED TtIP$PR SYTE;

/5* ** TYPE LITERALS~ '~**

DCL
COMP LIT '21',
GROUP LIT '6',
OCCURS$TYPE LIT '128',
RANDOM LIT '3',9
RELSKEY LIT '25,
REL$IY$Ul LIT '26,
SEQUENTIAL LIT ''
SEQ$RELATIVE LIT '2',
UR$MASK LIT 128',
!ARIABLE$LZNG LIT '4;

1*/ * SYMPOL TABLE ROUTINES **

INIT$SYMBOL: PROC;
/* INITIALIZ2 HASE TABLE AND FIRST COLLISION FIFLD *
CALL FILL (73E1$sTO1AGEvs,130);
NEXT$SYM - TRhE$STORAGE 1S
NEZT$SYM$ENTRY 0;

END INIT$SYIOL;
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GET$P$LZNGTR: PROC SYTE;
RETURN SYMBOL(PLINGTH);

END GET$P$LZNGTI;

SET$ADDRESS: P1IOC(ADDR);
DCL ADDRIADDRISS;
SYMBOL$ADDR(LOCATION) -ADDR;

END SET$ADDRESS;

GZT$ADDRESS: PROC ADDRISS;
RETURN SYIBOL$ADDR(LOCATION);

IND GET$ADDRISS;

GET$TYPE: PROC BYTE;
RETUN SYMBOL(S$TYPI);

END GET$TYPE;

SEYSTYPE: PROC(TYIE);
DCL TYPE BYTE;
SYMBOL(S$TTPE) - TYPE;

END SIT$TTPZ;

OR$TYPE: PROC (TYPE);
DCL TYPE BYTE;
SYMBOL(S$TYPE) - TYPE OR GET$TYPE;

END ORMTPE;

GET$lEVEL: PROC BYTE;
RETURN SYMBOL(LIVEL);

END GET$LETEL;

SET$LEVEL: PROC (MV);
DCL LYL BYTE;
SYMBOL(LEVEL) a LYL;

END SET$LZVEL;

GET$DBCIMAL: PROC BYTE;
RETURN SYMBOL(DIC IMWAL);

END GET$DECIMAL;

SET$DCIPMAL: PROC (DEC);
DCL DEC BYTE;
SYMBOL(DECIMAL) - DEC;

END SET$DECIMAL;

SET$S$LENGT!: PROC(IOV$LONG);
DCL HOV*LONG ADDRESS;
SYIBOL$ADDR(S$LKNGTN) H OV$LONG;

IND SI?$SLENGTH;



GET$S$LENGTH: PROC ADDRESS;
RETURN SYMBOL$ADDR(S$LZNGTH);

IND GET$S$LENGTE;

SMTADDR2: PROC (ADD!);
DCL ADDR ADDRESS;
SYMPOL$ADDR(ADDR2) - ADD!;

IND SZT$ADDR2;

SET$TBLSIZE: PROC(OCCUR);
DCL OCCUR ADDRESS;
SYIIIOL$ADDR(EL$CNT) - OCCUR;

END SET$TBLSIZE;

GZT$TBL$SIZE: PROC ADDRESS;
RETURN SYMBOL$ADDR(EL$CNT);

END GET$TBL$SIZE;

SET$IO$ADDRS: PROC;
SYMBOL$ADDR(LOCkTION) - NIXT$SYM;
SAMEADDR - CUR$SYM;

END SET$IO$ADDRS;

GET$PREV$OCCJRS :PROC ADDRESS;
TTMP$PTR a CUR$SYM +STARTNAM! + GET$P$LENGTH;
RETURN TEMP$ADDR;

IND GET$PREV$OCCURS;

PROCESS $OCCURS :PROC;
TEMPSPTR - NEZTSYM;
NEZT$SYM - NEXT$SYM + 3;
TIMP$&DR - OCCURS$PTR; /*SET PTR TO PREVIOUS OCCURS*/
CALL OR$TYPE(OCCURS$TYPE);
TIM P$PTR -TEMP$PTR + 2;
TEMP$BYTE D$CNT;

END PROCESS$OCCURS;
* ** PARSER DECLARATIONS ****

DCL
COMPILING BYTE INITIAL(TRUE),
IOLD$LIT(ACCUM$LEN$P$1) BYTE,
HOLD$SYM ADDRESS,
IDOSTACM(1) ADDRESS INITIAL(S),
ID$STACK$PTR BYTE INITAL(S,
INT LIT '67', /* INITIALIZE ~
(194ec) BYTE,
MP BYTE,
MPP1 BYTE,
NOLOOK BYTE INITIAL(TRTJE)o
RIDE? BYTE INITIAL(3'ALSE),
REDI?$ONI ADDRESS,
REDElT TO ADDRESS,



PINDING$LITERAL BYTE INITIAL(7LSE),
PENDIAG$IT$I ADDRESSt

UPSTACISIZE LIT :40:, /* SIZE OF STACKS ~
SCD LIT '78' /* CODE START *
SF BYTE INITIAL(255),
STATE BYTE IN IT IAL (STARTS),
STATESTACK(PSTACKSIZI) BYTE, /* SAVED STATES *
TEMM$OLD ADDRESS,
TEMP$TVO ADDRESS,
TRUNC$FLAG BYTE IMITIAL(TRUS),
VALUE(PSTACKSIZZ) ADDRESS, /* TEMP VALUES ~
TALUEtFLAG PYTE INITIAL (FALSE),
VALUE LEVEL BYTE INITIAL(9)9
YARC(51) BYTE; /*TEMP CHAR STORS*/

* PARSER ROUTINES *****

BYTEOMT: PROC(ONE$BTE);
DCL ONE$BYTE BYTE;
IF NO$CDE THEN RETURNi
IF (OUTPUT$PTR :- OUTPUT$PTR + 1) > OUTPUT$END THEN

DO
CALL WRITISOUTPUT( .OUTPUT$BUF,.OUTPUT$FCB);
OUTPUT$PTR=. OUTPUT$BUFF;

END;
OUTPUT$CHAR - ONEBTE;

IND BYTE$OUT;

ST!ING$OUT: PROC (ADDR,cOUNT);
DCL (ADDRI,COUNT) ADDRESS, CHAR BASED ADD! BYTE;
DO I - 1 TO COUNT;

CALL BYTE$OUT(CHAR);
ADDR - ADDR+1;

END;
END STRING$OUT;

ADDR$OUT: PROC(ADDR);
DCL ADDR ADDRESS;
CALL BYTE$OUT(LOV(ADDR));
CALL BYTE SOUT (HIGH (ADD!));

END ADDR$OUT;

7ILL$STRING: PROC (COUNToCHAR);
DCL (IoCOUNT) ADDRESS, CHAR BYTE;
DO I - 1 TO COUNT;

CALL BYTIJOUT (CHAR);
IND;

END FILL$STRING;

START$INITIALIZE: PROC(ADDRPCNT);
DCL (ADDRCNT) ADDRESS;
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CALL BYTEOUT(INT);
CALL ADDR$OUT(ADDR);
CALL ADDR$OUT(CNT);

END START$INITIALIZE;

BUILD$STMBOL: PROC (LEN);
DCL LEN BYTE, TEMP ADDRESS;
TEMP , NEXT$STM;
I7 (NEIT$SYM :- .SYMBOL(LEN : LEN + DISPLACEE.NT))

> MAZ$MIMORT THEN CALL FATAL$ERROR("ST');
CALL FILL (TIMP,0,LEN);

END BUILD$SYMBOL;
MATCH: PROC ADDRESS;

I' CHECKS AN IDENTIFIER TO SEE IF IT IS IN THE SYMBOL
TABLE. I IT IS PRESENT, CUR$SYM IS SET FOR ACCESS.
OTHERVISE A NEW ENTRY IS MADE AND THE PRINT NAME
IS INTIRED. ALL NAMES ARE TRUNCATED TO MAX$ID$LFN*/
DCL POINT ADDRESSCOLLISION BASED POINT ADDRESS,

(HOLDI) YTE;
IF VARC(S) > MAZ$ID$LEM

THEN VARC() - MAX$ID$LEN; /' TRUNCATE I1F REQUIRED */
HOLD - 0;
DO I - I TO VARC(S); / CALCULATE HASH CODE */

HOLD - HOLD + VARC(I);
END;
POINT - FREE$STORAG! + SHL((HOLD AND HASB$MASK),l);
UI$ILAG - FALSE;
DO FOREVER;

I COLLISION - 0 THEN
DO;

UI$FLAG - TRUE;
CUR$SYM,COLLISION - NEXT$STM;
CALL pUILD$STMBOL(VARC (0));
STMBOL(P$LENGTH) - VARC(S);
DO I - 1 TO VAC(S);

SYMBOL(STARTtNAME + I) - VARC(I);
END;
RETURN CUR$SYM;

END;
ELSE

DO;
CUR$SYM - COLLISION;
IF (HOLD .- GET$PSLENGTH) - VARC(0) THEN

DO;
I -1;
DO WHILE

SYIBOL(START$NAME + I) VARC(I);
IF (I :- I + 1) > HOLD THEN

RETURN (CUR$STM :- COLLISION);
END;

END;
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IND;
POINT - COLLISION;

IND;
END MATCH;

ALLOCATE: PROC(BTES$RQ) ADDRESS;
DCL (HOLD,BYTES$REQ) ADDRESS;
HOLD a NEXT$AVAILABLE;
IF (NUT$ATAILA!LE :- NEXT$AVAILABLE *BYTIS$REQ)

> FOAX$INT$MPM THEN
CALL TAT&kL$ERRlOR( 'Mo');

RETURN HOLD;
END ALLOCATE;

DIGIT: PROC(CHAR) BYTE;
DCL CHAR BYTE;
RETURN (CHAR <- '9') AND (CHAR >- '0');

END DIGIT;

SET$REDE?: PROC (OLD,NEV);
DCL (OLD,NZW) ADDRESS;
REDEF$ONE - OLD;
REDEJ$TV - NEW;
RED!? - TRUE;.2jIND SET$RZDIP;

SET$CUR$SYM: PROC;
CUR$SYM a ID$STACE(ID$STLCE$PTR);

END SET$CUR$SYM;

STACI$LEVZL: PROC BYTE;
CALL SIT$CUR$SYM;
RETURN GZT$LEVEL;

END STACK$LEVEL;

LOAD$LETEL: PROC;
DCL HOLD ADDRESS;

LOAD$REDKFADDR: PROC;
CUR$SYM a REDZP$ONE;
BOLD a GET$ADDUESS;

END LOAD$RZDEI$ADDR;

I7 ID$STACZ(O) 0 0 THEN
DO;

17 VALUE(SP - 2) a 0 TENN
DO;

CALL SIT$CUR ~SYM;
HOLD -GET$SILENGTH +GET$ADLRESS;

END;
ELSE
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DO;
17 FILE$SEC$END THEN
DO;

IF ID$STACK(ID$STACK$PTR) 0> PEDUF$ONu

THENI DoCALL PRINT$ERROR(');
REDE!'$ONE =IP$STACI(ID$STACK$PTR);

END;
END;

CALL LOAD$REDEF$ADDR;
END;

IF (ID$STACK$PTR :- ID$STACK$PTR + 1) > 9 THEN
DO;

CALL PRINT$ERROR( 'EL');
ID$STACK$PTR = 9;

END;
END;
ELSE HOLD - NEXT$AVAILABLE;
CUIR$SYM,ID$STACK(Ir$STACK$PTR) - VALUE(MPPl);
17 (CUR$S'M<>OCCURS$PTR) AND (D$CNT<>O) THE'N

CALL PtoczssoccuRs;
17' (GET$LETEL - 1) AND (NOT FILESIC$END) THEN

CALL SET$kDDR2(SAVE$ADDR);
CALL SET$ADDRESS(HOLD);

END LOAD$LEVEL;

REDETOW$ALUE: PROC;
DCL (HOLDtEOLD1,TEMP) ADDRESS,

(CHAR,LVL$hBR) BYTE;
1? REIE THEN

DO;
17 REDEJ$TVO - CUR$STM TEEN

DO;
HOLD = GZT$S$LENGTH;
LVL$NBR - GIT$LEVEL;
CUR$STM - RBDET$ONE;
17 HOLD 0> (ROLDI :- GFT$S$LENGTE) THEN

DO;
17 (LVL$NBR - 1)
AND (NOT FILE$SEC$END) THEN

DO;
CUR$STM - SAvE$ADDR;
CALL SIT$TTPE(VARIALE$LENG);
17 IOLD>HOLD1 THEN

CALL SET$S$LYNGTH(POLD);
ELSE

CALL SET$S$LENGTB(EoLDl);
END;

17 HOLD > HOLDI THEN
DO;
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17 LVL$NBR = 1 THEN
TEMP - ALLOCATE(HOLD -HOLD1);

ELSE
DO;

CALL PRINT$ERROR(VR2');
CUR$SYM - REDTI'$TWO;
CALL SET$S$LENGTH(HOLD);

END;
END;

END; /* EN-D IF HOLD 0>*
END; /* END IF REDF$TVO = CUR$SYM ~

END; /* END IF iEEE? */
ELSE IF PENDIMG$ITERAL = 0 THEN RETURN;
17 (PINDING$LIT$ID<>ID$STACI$PTE) OR VALU!$FLAG TEEN

RETURN;
IF PENDING$LITERAL 0> 0 THEN

CALL START$INITIALIZE(AWET$ADDRESS,HOLD :

GET $S $LENGTH) ;
IF PENDIIIG$LITERAL > 2 THEN

DO;
IF PENDING$LITEPAL = 3 THEN CHAR = 40.
ELSE IF PENDING$LITERAL = 4 THEN CHAR '

ELSE IF PENDING$ITTRAL = 5 TIEN CHAR =QUOTE;
CALL 7ILL$STIING(ffOLD,CHAR);

END;
ELSE IF PENDING$LITERAL = 2 THEN

DO;
1F HOLD <- HOLD$LIT(0) TEIN

CALL STRING$OUT( .HOLD$LIT(1 ,HOLD);
ELSE

DO;
CALL STRING$OUT( .HOLD$LIT(1),HOLL$LIT(0));
CALL FILL$STRING(ROLD - HOLD$IT(O) '0 ');

END;
IND;

ELSE 17 PENDING$LITERAL - 1 THEN
DO;

DCL (H$DEC,H$LENGTR,E,L,L$DEC,L$LENGTH,SIGN ,TYPE)
BYT!, TIMP(20) BYTE, ZONE LIT '80Hf';

IF ((TYPE :- GET$TYPE) < 16 OR (TYPE > 21 THEN
CALL PIINT$ERROR( 'Nv');

L$LNGTH - GET$LENGTH;
L$DEC - L$LENGTH - GET$DECIMAL;
IF TYPE - 20 THEN L$DEC -L$DEC 0 1;
R$LNGTH - HOLD$LIT(O);
Hf$DEC = $LENGTE +1;
SIGN '+'
IF HOLD$LITJ1 ='- THEN

SIGN 0
DO I - 1 TO H$LENGTH;

IF HOLD$LIT(H) *' THEN H$DEC 9 ;
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END;
DO L 0 0 TO 19;

TEMP(L) - .0*;
END;
L - LDEC -1;

H - H$DEC;
DO WHILE (((L := L + 1) < L$LEN~,.) AND

((H : H+ 1) <= H$LENGTH));
TIMP(L) - HOLD$LIT(H);

END;
L - L$DEC;
H - H$DEC;
DO WHILE (((L -= L - 1) < 255) AND

((H := H - 1) > 0) AND
(HOLD$LIT(H) > SIGN));

TEMP(L) - HOLD$LIT(H);
END;
IF ((H > 1) OR

((H = 1) AND (HOLDMLIT(1) <> SIGN))) THEN
CALL PRINT$ERROR('SL');

IF SIGN = 0-' THEN
IF TYPE - 17 THEN

TEMP(O) = TEMP(O) OR ZONE;
ELSE IF TYPE = 18 THEN

TEMP(L$LENGTH) = TEMP(LSLENGTE) OR ZCNE;
IF TYPE = 19 THEN

DO;
IF TEMP(O) <> '0' THEN

CALL PRINT$ERROR('SL');
TEMP(O) - SIGN;

END;
ELSE IF TYPE = 20 THEN

TEMP(L$LENGTH - 1) - SIGN;
IF TYPE = 21 THEN

DO;
IF SIGN - " " THEN

TEMP(L$LENGTH) = "o";
ELSE TEMP(L$LENGTH) = 

"1;

IF (L$LENGTH MOD 2) THEN L =;
ELSE

DO;
CALL BYTE$OUT(TEMP(O) - 30H);
L - 1;

END;
DO WHILE L < L$LENGTH;

CALL BYTE$OUT(SHL((TEMP(L) - 30H),4)
OR (TEMP(L + 1) - 3E)

L - L + 2;
END;
DO I - L$LENGTH / 2 + 2 TO L$LENGTH;

CALL BYTE$OUT(00H):
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EN D;
END;

ELSE CALL STRINOUT(.TEMPMLLNGTH);
END;

IF NOT VALUE$FLAG THIN PENDING$LITERAL = 0;
END REDEP$OR$TALUE;

RIDUCE$STACK: PROC;
DCL HOLD$LNGTH ADDRESS;
CALL SET$CUR$sYM;
CALL REDEF$OR$VALUE;
ROLD$LNGTH - GET$S$LENGTH;
IF GIT$TTPZ > OCCURS$TYPE AND GET$TPL$SIZI 0> 0 THEN

DO;
HOLD$LENGTH-EQLDSLENGTH * GET$TBL$SIzE;
IF (D$CNT := D$CNT - 1) 0> a TEEN

OCCURS$PTR =GET$PREV$OCCURS;
ELSE OCCURS$PTR =0;

END;
ID$STACI$PTR=IDSSTACK$PTE - 1;
CALL SET$CUR$SIM;
CALL SET$S$LENGTH(GET$S$LENGTH + HOLD$LENGTH);
CALL OR$TYPE (GROUP);

END REDUCESTAC[;

IND$OF$RECORD: PRoc;
DO WHILE ID$STACK$PTR 0> 0;

CALL SET$CUR$SYM;
CALL RTDIF$OR$VALUE;
ID$STACK(IB$STACK$PTR) = 0
ID$STACK$PTR - ID$STACX$PTR - 1

END;
CALL SET$CUR$SYM;
CALL REDEP$OR$VALUE;
ID$STIC[(O) = 0
TEMP$HOLD - ALLOCATE(GET$S$LENGTH);

END END$OF$RECORD;

CONVERT$INTIGER: PROC;
DCL INTEGER ADDRESS;
INTEGER - 0
DO I - 1 TO VARC(0;

IF NOT DIGIT(VARC(I)) THEN CALL PRINT$ERROR('NN');
INTEGER'- SENIGERI3) + SHL(INTEGER,l) +

(TARC(I) - W0);
END;
VALUR(SP) = INTEGER;

END CONTERT$ INTEGER;

ORSVALUE: PROC(PTRATTRIB);

DCL PTR BYTE, ATTRIB ADDRESS;
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TALUE(PTR) *VALUE(PTR) OR ATTEIB;
END OR$TALUE;

BUILD$FCB: PROC;
DCL TEMP ADDRESS;
DCL BUIFER(12) BYTE,4CHAR.I,J) BYTE;
CALL ?ILL(.BUFUEB, 12);
IF VARC(2) -:'THEN

DO;
BUFlR(O) - VARC(l) AND OPH;
I = 2;

END;
ILSE

DO;
BUFFER(0 = -

END;
J -i1;
DO VHILE (J < 12) AND (I< VARC(S))

IF (CHAR :- VARC(I := I + W) . THEN J =9;
ELSE DO;

BTJFFER(J - CHAR
.1 = J +1

EN ID;
END;
CALL SET$ADDR2(TEMP :- ALLOCATE(165));
CALL START$INITIALIZE(TEMP,3?);
CALL STRING$CUT( .BUTTER,12);
CALL FILL$STRING(25.0);

CALL OR$VALUE(SP - 1,I);

SET$IGN: PROC(NUMB);
DCL NUMB BYTE;
IF GET$TYPE - 17 THEN CALL SET$TYPE(VALaE(SP) *NUMB);
ELSE CALL PRINT$ERROR(VSG');
IF VALUI(SP) (> 0 TEEN

CALL SET$S$LENGTE(GET$S$LENQTff + 1);
END SET$SIGN;

NUM$TRUNC: PROC;
DCL (1,J,TRUNC$TTPE,TRUNC$ZIRO,SIGN$FLAG,DEC$YLAG) BYTE;
TRUNC$ZERO - TRUE;
SIGN$FLAC,DEC$FLAG - FALSE;
SOLD$LIT(09, -0
j - 1;
17 ((TRUNC$TYPE :-GET$TYPE) >- 16)

AND (TRUNC$TYPE <= 21) THEN
DO WHILE J7 <- TAlC(S;

IT CVARC(J) 0 AN' &D (TARC(J 0 -1THEN
DO;
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IF (VARC(J - '0') AND TRUNC$ZERO THEN J = J
ELSE IF ((YARC(J >- '0') AND (VARC(J) <= '9'))

OR (VARC(J '' THEN
DO;

17 DEC$JLAG AND (VARC(J) = .)THEN

CALL PRINT$ERROP C MD');
ELSE DO;
HOLD$LIT(HOLD$LIT(0) := FOLD$LIT(O) +1)=

VARC(J;
IF VARC(J) 0 '0' THEN TRUNC$ZFRO = FALSE;
IF VARC(J) =' THEN DEC$FLAG = TRUE;
II + j

END;
END;

ELSE IF ((VARC(J) < '0') OR (VARC(J > '9')) AND
(vARC(J) 0> '.') THEN CALL PRINT$ERROR('NN');

END;
ELSE IF SIGN$FLAG TEEN CALL PRINT$!RROR('MS');
ELSE IT (VARC(J) = +)OR (VARC(J) = -)THEN

DO;
IF TPUNC$TTPE = 16 THEN

CALL PRINT$ERROR ('SG');
ELSE

DO;
HOLD$LIT(HOLD$LIT(O)

HOLD$LIT(0) + 1)=VARc(J);
SIGN$FLAG - TRUE;
I 1+

END;
END;

j - + 1 ;
END;/* DO WHILE LOOP *

HOLD$LIT(0) - 1
IF ((HoLD$LIT(0) *1) AND ((ROLD$LIT(1) +) OR

(EOLD$LIT(l) ='-'))) OR (HOLM$IT(0) 0) THEN
HOLD$IT(0),HOLD$IT(1) - 0

END NUrM$TRUNC;

PIC$ANALIZER: PROC;
DCL /* WORK AREAS AND VARIABES '
BUJFER(133) BYTE,
CHAR PYTE,
COUNT ADDRESS,
DEM$OUNT BYTE,
DEC$FLAG BYTE,
DIGITS BYTE,
FLAG BYTE,
FLAGS (3 BTE,
FLOAT$PSIT BYTE,
ILOAT$VALUT BYTE,
I BYTE,
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J ADDRESS,
K BYTE,
REPITITIONS ADDRFSS,
SAVE BYTE ,

TEMP ADDRESS,
TYPE BYTE,

/ * MASKS * *
ALPHA LIT '1',
A$EDIT LIT -2,,
A$N LIT '4,,
EDIT LIT '8"
NUM LIT '16 ,
NUM$EDIT LIT '32'9
DEC LIT '64',
SIGNED LIT '128',

A$E$MASK LIT '11111100B",
A$N$MASK LIT '11101010B'.
A$N$E$MASK LIT '11100000B",
ALPHA$MASK LIT '11111110B',
NUM MASK LIT '10101111B",
NUMSEDMASK LIT '10000101B ,

S$NUM$MASK LIT '00101111B',

/* TYPES */
ATYPE LIT '8',
AETYPY LIT '72',
ANTYPE LIT '9',
ANETYPE LIT '73',
NT!PE LIT '16',
NETTPE LIT '80'.
SNTYPE LIT '17';

INC$COUNT: PROC(SWITCR);
DCL SWITCH BYTE;
FLAG - FLAG OR SWITCH;
IF (COUNT := COUNT + 1) < 133 THEN

BUFFER(COUNT) = CHAR;
END INC$COUNT;

CHECK: PROC (MASK) BYTE;
DCL MASK BYTE;
RETURN NOT ((FLAG AND MASK) <> 0);

END CHECK;

PIC$ALLOCATE: PROC(AMT) ADDRESS;
DCL AMT ADDRESS;
IF (MAX$INT$MEM :- MAX$INT$MEM - AMT)

< NEZT$AVAILABLE TREN CALL FATAL$ERROR ('MO');
RETURN MAX$INT$MEM;
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END PIC$ALLOCATE;

SIGN: PROC(CHAR) BYTE;
I)CL CHAR BYTE;
RETURN (CHAR- " °) OR (CHAP = '-1;

END SIGN;

FLOAT$CBECK: PROC (I);
DCL I BYTE;
IF FLOAT$VALUE - 0 AND FLAGS (I) THEN

FLOAT$VALUE - CHAR;
IF CHAR > FLOAT$VALUE AND FLAGS(I) TEIN

CALL PRINT$ZRROR('Pl');
IF FLAGS(I) THEN

DO;
FLOAT$PSIT = COUNT + 1;
DIGITS - DIGITS + 1;

END;
ELSE

FLAGS(I) - TRUE;
CALL INC$COUNT(NUM$EDIT);

END FLOAT$CEECK;

/* PROCEDURE EXECUTION STARTS FERE */

CUR$SYM : HOLD$SYM;
IF (GET$LEVEL - VALUE$LEVEL) THEN VALUESFLAG FALSE;
DEC$FLAG,FLAGS(0),FLAGS(l) = FALSE;
FLAGS(2) - TRUE;
COUNTDEC$COUNT,DIGITS,FLAG,PLOAT$VALUETYPE =;
/* CHECK FOR EXCESSIVE LENGTH */
IF TARC(0) > 30 THEN

DO;
CALL PRINT$ERROR("PC');
RETURN;

END;
/* SET FLAG BITS AND COUNT LINGTH "/
I - 1;
DO VILE I <- VARC(e);

IF (CHAR :- VARC(I)) a 'A' THEN
CALL INC$COUNT(ALPHA);

ELSE IF CHAR - :B: THEN CALL INC$COUNT(A$EDIT);
ELSE IF CHAR a '9 THEN

DO;
DIGITS - DIGITS + 1;
CALL INC$COUNT(NUP);

END;
ELSE IF CHAR - '1' THEN CALL INC$COUNT(A$N);
ELSE IF (CHAR - 'S') AND (COUNT-B) THEN

FLAG - FLAG OR SIGNED;
ELSE IF (CHAR ' 'V') AND (DC$COUNT-0) TEN
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DO; OFLAG - FLAG OR DMC;
DEC$COUNT COUNT;
DEC$FLAG - TRUE;

END;

ELSE IF(CHAR- O/ OR (CHAR-O') TEEN
CALL INC$COUNT (Er IT);

ELSE IF CHAR - '$' THEN CALL FLOAT$CH'CK(O);
ELSE IF SIGN(CHAR) THEN CALL FLOAT CHECK(1);
ELSE IF (CHAR = '*') OR (CHAR = 'Z ) TEEN

CALL FLOAT$CHECK(2);
ELSE IF CHAR " ',THEN CALL INC$COUNT(NUM$EDIT);
ELSE IF (CHAR = '7) AND (DEC$COUNT=O) TEEN

DO;
CALL INC$COUNT(NUMEDIT);
DEC$COUNT = COUNT;
DEC$FLAG = TRUE;

END;
ELSE IF ((CHAR = 'C' AND VARC(I + 1)='R') OR

(CHAR = 'D' AND VARC(I + 1)='B')) AND
I = VARC(0) - 1 AND NOT FLAGS(l) TFEN

DO;
CALL INC$COUNT(NUM$EDIT);
CF!AR = VARC(I:=1 + .0;
CALL INC$COUNT(NUM$EDIT);
IF NOT DEC$FLAG THEN

DO;
DEC$COUNT = VARC() - 1;
DEC$FLAG = TRUE;

END;
END;

ELSE IF (CHAR = '(') AND (COUNT<O) TEHEN
DO;

SAVE VARC(I - 1);
REPITITIONS = 0;
DO WHILE (CHAR := VARC(I := I e 1)) + W';

IF CHAR < '0' OR CHAR > '9' THEN
CALL PRINT$ERROR('P2');

REPITITIONS - SEL(REPITITIONS,3) +
SHL(REPITITIONS,1) + (CHAR - '0');

END;

CHAR - SAVE;
IF RIPITITIONS > 0 THEN

DO;
DO J - 1 TO REPITITIONS -1;

CALL INC$COUNT(O);
END;
IF SIGN(SAVE) OR SAVE =
OR SAVE - 'Z' OR SAVE = '9'
OR SAVE - '' THEN
DIGITS a DIGITS + REPITITIONS -
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END;
ELSE

COUNT = COUNT - 1;
END;

ELSE DO;
CALL PRINT$ERROR('P3');
RETURN;

END;
I I 1;

END; /* END OF DO WHILE I <= VARC */
IT NOT DEC$FLAG AND SIGN(VARC(I - 1)) THEN

DO;
DEC$COUNT = VARC(e);
DEC$FLAG = TRUE;

END;
/* AT THIS POINT THE TYPE CAN BE DETERMINED */
IF CHICK(NUM$MASK) THEN TYPE = NTYPE;
ELSE IF CEECK(SNUM$MASE) THEN TYPE = SNTYPE;
ELSE IF CHECK(ALPHA$MASK) THEN TYPE = ATTPE;
ELSE IF CHECK(A$E$MAS[) THEN TYPE = AETYPE;
ELSE IF CHECK(A$N$MASK) THEN TYPE = ANTYPE;
ELSE IF CHECK(A$N$E$MASK) AND (((FLAG AND 06F) < 0)

OR ((FLAG AND 09H) <> 0) OR ((FLAG AND 12H) > 0))
THEN TYPE a ANETYPE;

ELSE IF CHUCK(NUM$ED$MASK) THEN
DO;

TYPE = NETTPE;
IF FLOAT$YALUE 0 0 THEN

DO; I =;
DO WHILE VARC(I) > FLOAT$VLUE;

I = I + 1;
END;
DO I = I + 1 TO FLOAT$PSIT;

IF VARC(I) 0 FLOAT$VALUE AND
VARC(I) > 'B' AND
VARC(I) <> '/' AND
VARC(I) <> '0' AND
VARC(I) <> ',' THEN

DO;
CALL PRINT$ERROR('P4');
I - FLOAT$PSIT;

END;
END;

END;
END;

IF TYPE = 0 THEN CALL PRINT$ERROR('P5');
ELSE DO;

IF (GET$TYPE - 128) TEEN
CALL SET$TYPI(128 + TYPE);

ELSE CALL SET$TYPE(TYPE);
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CALL SET$SLENGTH(COUNT + GET$SSLENGTH);
IT (TYPE AND 64) 0 0 T32N

DO;
CALL SET$ADDR2(TIMP:

PIC$ALLOCATE(COUNT))
CALL START$INITIALIZE(TIMP,COUNT);
CALL STRING$OUT(.BUFFER + 1,COUNT);

END;
17 DIGITS > 18 THEN

CALL PRINT$ERRtOR( 'P6');
IF DEC$TLAG THEN

CALL SET$DECIMAL(COUNT - DEC$COUNT);
IND;

IF (NOT TRUNC$FLAG) AND ((TYPE - 16) OR (TYPE 1'?)) THEN
DO;

DO X - 0 TO HOLD$LIT(0);
VARC(K - HOLD$LIT(K);

IND;
CALL NUM$TRUNC;
TRUNC$FLAG - TRUE;

END;
END PICSANALIZER;

SET$PILZ$ATTR IZ: PROC;
DCL TEMP ADDRESS, TYPE BYTE;
IF CUR$SYM 0> VALUE(MPP1) THEN

DO;
TIMP - cu$SsYM;
CUR$SYM - VALVE(t4PPl);
SYMBOL$ADDR(REL$ID) - TEMP;

END;
IF NOT (TEMP :- VALUE(SP - 1)) THEN

CALL PRINT$ERROR( 'NY');
ELSE DO;

IF (TEMP - 1) OR (TIMP=5) THEN TTPE=SPQUENTIAL;
ELSE IF TEMP - 15 THEN TYPE-RANDOP;
ELSE IF TEMP - 13 THEN TYPE-SEQ$RELATIVE;
ELSE DO;

CALL PRINTSERRORU'IA');
TYPE - 1

END;
CALL SET$TYPE(TYPE + UR$M*SI);

END SET$PILE$ATTRIE;

LOAD$ITERAL: PROc(LIT$ONE);
DCL (ILIT$ONELIT$TYPE) BYTE;
LIT$TYPI a GET$TYPE;
17 LZT$TYPE 0> 0 THEN TALUT$FLAG -FALSE;
ELSE DO;

VALUE$FLAG *TRUE;
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VALUE$LEVEL -GET$LEVEL;
END;

IF PENDING$LITERAL 0> 0 THIN CALL PRINT$ERROR ('Ll');
ELSE 17 (LIT$ONE - 0) OR (LIT$TYPE - 0) TEEN

DO;
DO I - 0 TO VARc(O);

HOLDSLIT(I) - vARC(I);
END;
IF (LIT$ONE = 1) AND (LIT$TYPE = 0) THIN

TRUNC$FLAG - FALSE;
END;

ELSE 17 (LIT$ONE - 1) AND ((LIT$TYPE >= 16) AND
(LIT$TTPE <- 21)) THIN

CALL NUM$TRUNC;
ELSE IF (LIT$ONE - 1) AND (LIT$TYPE 0> 0) THEN

DO;
CALL PRINT$ERROR( 'LV');
DO I - 0 TO VARC(0);

EN;HOLD$LIT(I) = VARC(I;

PENDIRG$LITERAL = 2;
END;

END LOAD$LITERAL;

REDEP$TIST: PROC;
DCL SAVUEIEF BYTEt

(SAVE$REDEF$ONZ,SAVE$RPDEFSTWO) ADDRESS;
SAVE$RRDEF$ONE - REDEF$ONE;
SAVE$REDEF$TVO - REDIF$TVO;
REDEF$ONE - MOssM
CALL SET$CUR$sYM;
IF (G!T$TYPE > OCCURS$TYPE) AND (GET$TBL$SIZE 0> 0) THEN

IF (D$CNT :- D$CNT - 1) 0> 0 THEN
OCCURS$PTR - GET$PEM$CCURS;

ELSE OCCURS$PTR - 0;
!EDEF$TVO - CUR$SYM;
SAVESRIDEF n REDlY;
REIE - TRUF;
CALL REDIFOR$VALUE;
ID$STACK(ID$STACK$PTR) - 0;
IDSTACEPTR - ID$STACK$PTR - 1;
RIDEYSONE - SAVE$RIDEF$ONE;
REDEF$TVO - SAVZ$REDEF$TWO;
RIDE? - SATE$REDEF;

END REDEY$TEST;

CICZ$LVLSFILES: PROC;
DCL NEV$LIVIL BYTE;
VOLD$STMqCUR$SY4 - VALUE(MP -1)

CALL SET$LETEL(NEV$LEVEL :- VALUR(MP - 2));
17 NZV$LIVEL I THEN
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DO;
IF ID$STACK(O) 0> 0 THEN

DO;
DO WHILE STACK$LEVEL > 1;

CALL REDUCESTACK;
END;
DO WHILE ID$STACK$PTR 0 0

CALL SET$CUR$SYM;
CALL REDEFOR$VALUE;
ID$STACK(ID$STACK$PTR) = 0;
ID$STACK$PTR -ID$STACK$PTR 1;

END;
CUR$SYM = HOLD$SYM;
CALL SET$REDEP(IDSTACK(0)IVALU'(MP -1));

VALUI(MP) a 1; /* SET REDEFINE FLAG *
END;

END;
ELSE DO WHILE STACK$LEVEL >= NEWSLEVEL;

CALL REDUCE$STACK;
IND;

END CHECK$LVL$PILZs;

CH!C[$LTL$VORK: PROC;
DCL NEV$LZVEL 3YTE,

SAVE$SYMSLVL BYTE,
STACK$REDU3CED BYTE,
SAVE$RIDIF BYTE,
REDEFLAG BYTE, /*NIT LYL IS A MEEIMES*/
SAVE$SYM ADDRESS;

SET$VALUE$CLAUSE: PROC;
SAVE$REDEJ - REET!;
RED!? - FALSE;
CALL SET$CUR$SYM;
CALL REDEF$OR$VALUE;
REDM - SAVE$RIDI';
CUR$SYM - EOLD$SYM;

END SET$VALUE$CLAUSE;

TRUNC$1'LAG - TRUE;
STACK$RIDUCED -FALSE;
HOLD$SYM CUR$SYM - VALUE(MP - 1);
CALL SETihETEL(NEV$LEVIL :- VALUE(MP - 2));
RhDhF$I'AG - VALUE(MP); /*SET IN PROD #646*/
I7 NEV$LEVEL - 1 OR NZV$LEVEL - 77 THEN
DO;

17 STACK$LJVEL - 77 THEN
CALL END$O7$RECORD;

E LSEI
DO;
DO VEILE STACK$LEVEL > 1
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AND ID$STACK(ID$STACK$PTR) 0> 0;
SAVE$SYM,CUR$SYM - ID$STACK(ID$STACK$PTR 1)
SAVE$SYM$LVL = GIT$LlVFL;
IF SAVE$SYM$LVL - STACM$EVEL THEN

DO;
CUR$SYM - SAVZ$STM;
CALL REDEF$TTST;
END;

ELSE 17 STACK$LIVEL > 1 THEN
DO;

CALL REDUCE$STACK;
IF VALUE$FLAG
AND (VALUESLEVEL -STACK$LUEL) THEN
DO;

VALUE$FLAG -FALSE;
CALL SET$VALUE$CLAUSE;

END;
END;

IND;/* DO WHILE LOOP *
IF STACK$LEVEL -1 AND ID$STACE$PTR 0> 0 TREN
DO;

CUR$SYM = ID$STACK(ID$STACK$PTR - 1);
CALL REDEF$TEST;

17 RIDEF$FLAG = 0
AND ID$STACK(ID$STACK$PTR) 0> 0 THEN
DO;

CALL END$OF$RECORD;
REDEF = FALSE;

END;
IF' (REDEF$FAG - 1)
AND (ID$STACK(ID$STACK$PTR) =REDMFONE)

THEN CALL SlT$VALUE$CL&USX;
END;

END;
ELSE IF STACKLEVEL - 77 THEN CALL PRINT$PRROR('L?');
ELSE IF STACK$LEVEL >- NEV$LEVEL THEN

DO;
1F (STACK$LEVEL - NIW$LEVEL) AND (REDEF$PLAG = 1) AND

(!D$STACK(ID$STACK$PTR) - REDEF$ONE) THEN
CALL SIT$VALUE$CLAUSI;

DO WHILE NOT STACK$REDUCED;
SAVE$SYM,CPR$SYM - ID$STACK(ID$STACK$PTR -1);

SAVE$SYM$LVL - GET$LEVEL;
1F SAVE$SYM$LVL - STACK$LEVEL THEN

DO;.
CUR$SYM - SAVE$SYM;
CALL REDEYSTEST;

IND;
ELSE 17 (STACI$LEVEL >= NEV$LEVEL)

AND (REDhF$FAG *0) THEN
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DO;
CALL REDUCE$STACK;
IF VALUT$FLAG AND (VALUE$LEVEL = STACK$LEVEL)
AND (VALUZ$LEVEL = NEV$LEVEL) THEN
DO;
VALUE$TAG - FALSE;
CALL SETSVALUE$CLAUSE;

END;
IF STACK$LEVEL<NEVLETEL THEN

STACK$REDUCED - TRUE;
END;

ELSE IF (STACK$LEVEL >- NEV$LETEL)
AND (REDhT$FLAG -1) TflTN
DO;

IF STACM$EVEL>NEVLEVEL THEN
CALL REDUCE$STACC;

IF VALUE$FLAG
AND (TALUE$LEVEL - STACK$LEVEL) THEN
DO;

VALUE$FLAG - FALSE;
CALL SET$VALUE$CLAUSE;

END;
IF STACK$LEVEL <- NEW$LEVEL THFN

EN;STACK$REDUCED -TRUE;

END; I' DO WHILE LOOP *
END;

CUR$STM - OLD$SYM;
END CRECK$LVL$vORI;

CODESGEN: PROC(PRODUCTION);
DCL PRODUCTION RITE,

LIT$TTPE ITE;
IF PRINT$PROD THEN

DO;
CALL CRLF;
CALL PRINTCHAR(POUND);
CALL PRINT$NUMEER(PRODUCTION);

END;

DO CASE PRODUCTION;

/* P RO0D UC TIO0N S*

/* CASE 0 NOT USED

1*1 <PROGRAM> ::- <ID - DIV> <R DIV> <D -DIV> '
1' 1 PROCEDURE
DO;
COMPILING - FALSE;
CALL DISPLAT$LINE;

216

106g. ..-



END;
/1' 2 <ID - DIV> :: IDENTIFICATION DIVISION . */

PROGRAM-ID . */
2 <COMMENT> . <ID-LIST) 1
/* NO ACTION REQUIRED */
3 <ID-LIST> ::= <AUTH> <INS> <DATE> <SEC> */

/* NO ACTION REQUIRED */
4 <AUTH> ::- AUTHOR <COMMENT> . *1
/* NO ACTION REQUIRED */

/$ 5 \! <EMPTY>
/* NO ACTION REQUIRED */

/* 6 <INS> ::- INSTALLATION . <COMMENT> . */
/' NO ACTION REQUIRED */

| /* 7 \! <EMPTY> */
/* NO ACTION REQUIRED */
9 <DATE> ::= DATE - VRITTEN . <COMMENT> .
/* NO ACTION REQUIRED */

/* 9 \1 <EMPTY>
/* NO ACTION REQUIRED */

10 <SEC> ::- SECURITY . <COMMENT> . */
/* NO ACTION REQUIRED */

1* 11 \! <EMPTY> /
/ NO ACTION REQUIRED */

/5 12 <COMMENT> ::= <INPUT>
/* NO ACTION REQUIRED */

1 13 \! <COMMENT> <INPUT> ,/
/* NO ACTION REQUIRED l/

14 <E - DIV> ::- ENVIRONMENT DIVISION . 5/
/5 CONFIGURATION SECTION . 5/
/5 14 <SRC- OJ> <I - O> I/

/* NO ACTION REQUIRED 5/
/5 15 \! <EMPTY> 5/

/* NO ACTION REQUIRED 5/

/5 16 <SRC - OBJ> ::= SOURCE - COMPUTER . <COMMENT> /
<DEBUG> ./

/5' 16 OBJECT - COMPUTER . <COMMENT> . 5/
/* NO ACTION REQUIRED */

/* 17 <DEBUG> ::= DEBUGGING MODE 5/
DEBUGGING = TRUE; /* SETS A SCANNER TCGGLE I

/ 1s \1 <EMPTY> /
/* NO ACTION REQUIRED */

/$ 19 <-0> ::- INPUT-OUTPUT SECTION . FILE-CONTROL 5/
/1* 19 . <FILE - CONTROL - LIST> <IC> */

/I' NO ACTION REQUIRED */
/5 20 \1 <EMPTY> 5/

/* NO ACTION REQUIRED */
/1* 21 <FILE-CONTROL-LIST> ::- <FILE-CONTROL-ENTRT I/

/* NO ACTION REQUIRED */
/* 22 \1 <FILE-CONTROL-LIST> '/
/5 22 (FILE-CONTROL-ENTRY> Sf

/* NO ACTION REQUIRED 5/
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/* 23 <FILE-CONTROL-ENTRY> :: SELECT <ID>
/* <ATTRIBUTE-LIST> .

CALL SET$FILE$ATTRIB;
24 <ATTRIBUTE-LIST> ::= <ONE-ATTRIB>
/ NO ACTION REQUIRED /

25 \! <ATTRIBUTE-LIST>
<ONE-ATTRIB> 5/

VALUE(MP) = VALUE(SP) OR VALUE(MP);
/5 26 <ONE-ATTRIB> ::- ORGANIZATION <ORG-TYPE> 5/

VALUE(MP) - VALUF(SP);
/5 27 \1 ACCESS <ACC-TYPE> <RELATIVE> 5/

VALUE(MP) = VALUE(MPPI) OR VALUE(SP);
/5 29 \1 ASSIGN <INPUT>

CALL BUILD$FCB;
/5 29 <ORG-TYPE> ::= SEQUENTIAL 5/

/* NO ACTION REQUIRED - DEFAULT 5/
/5 30 \! RELATIVE 5/

CALL OR$VALUE(SP,4);
/5. 31 \1 INDEXED 5/

CALL PRINT$ERROR('NI');
/5 32 <ACC-TYPE> ::= SEQUENTIAL 5/

/4 NO ACTION REQUIRED - DYFAULT /
/5 33 \! RANDOM

CALL OR$VALUE(SP,2);
34 <RELATIVE> ::= RELATIVE <ID> p/

DO;
CALL OR$VALUE(MP,S);
CURSYM . VALUE(SP);
CALL SET$TYPE(REL$KEY$UR);

END;
/5 35 \1 <EMPTT> 5/

/* NO ACTION REQUIRED - DEFAULT 5/

/5 36 <IC> ::= I-0-CONTROL . <SAME-LIST> 5/

/* NO ACTION REQUIRED '/
/5 '37 \1 <EMPTY> 5/

/* NO ACTION REQUIRED */
/5 38 <SAME - LIST> :#= <SAME - ELEMENT>

/* NO ACTION REQUIRED */
/5 39 \1 <SAME - LIST> <SAME - ELEMENT>*/

/* NC ACTION REQUIRED */
/5 40 <SAME-ELEMENT> ::- SAME <ID-STRING> . 5/

/* NO ACTION REQUIRED 5/

/5 41 <ID-STRING> ::= <ID> 5/
/W NO ACTION REQUIRED */

/5' 42 \1 <ID-STRING> <ID> 5/

/* NO ACTION REQUIRED */
/5' 43 <D-DIV> ::= DATA DIVISION . <FILE-SECTION> 5/

/5' <WORK> 5/
43 <LINK> 5/
/* NO ACTION REQUIRED */

44 <FILE-SECTION> ::= FILE SECTION o <FILE-LIST> 5/

218

............. , ,i , -r



FILE$SEC$END - TRUE;
45 \! <EMPTT>

FILE$SEC$END = TRUE;
46 <FILE-LIST> ":= <FILES> '/
/* NO ACTION REQUIRED */

4? \! <FILE-LIST> <FILES>
/4 NO ACTION REQUIRED */

46 <FILES> ::= FD <ID> <FILE-CONTROL> .
48 <RECORD-DESCRIPTION>

DO;
DO WEILE STACK$LEVEL > I;

CALL REDUCE$STACK;
END;
CALL END$OF$RECORD;
REDEF = FALSE;

END;
49 <FILE-CONTROL> ::= <FILE-LIST>

CALL SET$IO$ADDRS;
\1 <EMPTT>

CALL SETtIO$ADDRS;
/$ 51 <FILE-LIST> ::= <FILE-ELEMENT>

/* NO ACTION REQUIRED I/
52 \! <PILE-LIST> <FILE-ELEMENT> */
/* NO ACTION REQUIRED */

53 <FILE-ELEMENT> ::= BLOCK <INTEGFER> RECORDS
/* NO ACTION REQUIRED - FILES NEVER BLOCKED ,/

54 \! RECORD <REC-COUNT>
CALL SETSSLENGTH(VALUE(SP));

55 \1 LAPEL RECORDS STANDARD
/* NO ACTION REQUIRED*/

56 \t LABEL RECORDS OMITTED
/* NO ACTION REQUIRED*/

57 \1 VALUE OF <ID - STRING>
/* NO ACTION REQUIRED 4/

58 <REC-COUNT> ::= <INTEGER>
/* NO ACTION REQUIRED - VALUE(SP) CORRECT */

/s 59 \! <INTEGER> TO <INTEGER>
DO;
VALUE(MP) - VALUE(SP); /* VARIABLE LENGTH *I
CALL SET$TTPE(VARIABLE LENw); /* SET TO VARIABLE */
END;

/5 60 <WORK> ::= WORKING-STORAGE SECTION o 5/
/5 60 <RECORD-DESCRIPTION>

DO;
I STACK$LEVEL(>?7 TEEN

DO;
DO WRILE STACK$LEVEL > 1;
CUR$SYM - ID$STACK(ID$STACK$PTR - 1);
IF GET$LEVEL = STACK$LEVEL THEN
CALL REDE?$TEST;

ELSE IF STACK$LEVEL > 1 THEN
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CALL REDUCE$STACK;
END;
1F STACK$LTV3L - 1 AND ID$STACK$P.Tl 0 0 THEN

DO;
CUR$SYM = ID$STACK(ID$STACK$PTR -1)

IF REDEP THEN CALL REDEESTEST;
END;

END;
CALL END$OF$RECORD;

END;
61 \!<Et.PTY>
/* NO ACTION REQUIRED

1* 62 (LINK) ::- LINKAGE SECTION .*

1* 62 <RECORD-DESCRIPTION>
/* NO ACTION REQUIRED *

1* 63 \1 <EMPTY>
/w NO ACTION REQUIRED *

64 (RECORD-DESCRIPTION> ::<LEVEL-ENTRY>
/* NO ACTION REQUIRED

65 \! RECORD-DESCRIPTION> *
65 (LEVEL-ENTRY>

/* NO ACTION REQUIRED*/
66 <LEVEL-ENTRY) ::- <INTEGER> <DATA-ID> S
66 <REDEFINES> <rATA-TYPE> . *

DO;
CALL LOAD$EV!L;
IF (PENDING$LITERAL 0> 0) AND (NOT VALUE$FLAG) THEN

PENDItG$LIT$ID = ID$STACK$PTR;
END;
/5 67 <DATA-ID ::= <ID> 5
I? NOT UI$FLAG THEN

DO;
IF GET$TYPE - REL$KEY$UR THEN
CALL SXT$TYPE(REL$KEY);

ELSE
CALL PRINT$ERROR( 'DD');

END;
1* 68 \1 FILLER *

DO;
CUR$SYM, VALUE(SP) - NEZT$SYM;
CALL BUILD$SYMBOL(0);

END;
/5 69 <REDEFINES> ::= REDEFINES <ID>
Do;

IF UI$FLAG THEN
CALL PRINT$ERROR( 'UDi;

CALL SIT$REDEF(VALUE(SP),VALUE(SP - 2));
VALUE(MP) - 1; /* SET REDEFINE FLAG ON 5
IF NOT FILZ$SEC$EMD THEN

CALL PRINT$ERROR( R3');
CALL CHECK$LVL$VORK;'
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END;
/" 70 \! <EMPTY>

DO;
IF NOT FILE$SEC$END THEN
CALL CHECK$LVL$FILES;

ELSE CALL CHECK$LVL$WoRK;END;
/* 71 <DATA-TYPE> ::w <PROP-LIST> S/

/* NO ACTION REQUIRED */
/* 72 \1 <EMPTT>

/ NO ACTION REQUIRED */
73 <PROP-LIST> ::- <DATA-ELEMENT>
/* NO ACTION REQUIRED */

74 \1 <PROP-LIST> <DATA-ELEMENT> /
/* NO ACTION REQUIRED */

/ 7 5 <DATA-ELEMENT> ::= PIC <INPUT>
CALL PIC$ANALIZEP;

/* 76 \t USAGE COMP */
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

77 \! USAGE COMP-3 /
CALL SET$TYPE(COMP);

/* 78 \t USAGE COMPUTATIONAL
* NO ACTION REQUIRED-NOTIMPLEPENTED */

79 \1 USAGE DISPLAY
/* NO ACTION REQUIRED - DEFAULT */

80 \1 SIGN LEADING <SEPARATE>
CALL SET$SIGN(17);

81 \1 SrGN TRAILING <SEPARATE> */
CALL SET$SIGN(18);

82 \! OCCURS <INTEGER> INrEFED */
e2 <ID>
/* NO ACTION ACTION REQUIRED-NOT IMPLEMENTID */

/ D 3 \! OCCURS <INTEGER> /DO;
CALL SET$TBL$SIZE(VALUE(SP));
D$CNT - D$CNT + 1;
CALL PROCESS$OCCURS;
OCCURS$PTR - CUR$SYM;
IF (TEMP$TWO :- GET$LVEL)-I OR TEMPTWO=77 THEN

CALL PRINT$ERROR( 'OL');
END;

/* 84 \t SYNC <DIRECTION> S/
/* NO ACTION REQUIRED - BYTE MACHINE */

85 \! VALUE <LITERAL> 5/
IF NOT FILE$SEC$END THEN

DO;
CALL PRINT$ERROR('VE');
PENDING$LITERAL - 0;

END;
86 <DIRECTION> ::= LFT S/
/* NO ACTION REQUIRED 5/
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1* 8' \1 RIGHT S
/* NO ACTION PrEUIRED ~
as 8 \! <EMPTY> *
/* NO ACTION REQUIRED */

89 <SEPARATE> ::- SEPARATE 5
VAL!J3(SP) = 2;
IS 90 \1 <EMPTY> 5

1* NO ACTION REQUIRED *I
1* 91 <LITERAL> ::-n <INPUT>
to;

IF ((LIT$TYPT :- GET$TYPI) < 16) OR
(LIT$TYPT > 21) THEN
DO;

CALL PRINT$ERROR( 'NV');
CALL LOAD$LITERAL(O);
PINDINM$ITERAL a2;

END;
ELSE DO;

CALL LOAD$LrTERAL(1);
PENDING$LITIRAL 1;

END;
END;
I' 92 \1 <LIT> '
DO;

CALL LOAD$LITERAL(O);
PENDING$ITERAL w2;

IND;
/5 93 \1 ZERO 5

PENDING$LITERAL = 3;
/5 94 \I SPACE 5

PENDING$LITERhL -4;
/5 95 \1 QUOTE *

PENDING$LITERAL =5;
/5 96 <INTEGER> ::- <INPUT> 5

CALL CONTERTINTEGER;
/5 97 <ID> ::- <INPUT> 5

DO;
'JALLTE(SP) - MATCR; /* STORE SYMBOL TABLE POINTERS
IF 7ILJ$DESC$FAG THEN

to;
FILE$DESC$FLAQ - FALSE;
IF UI$JLAG THEN

CALL PRINT$ERROR( 'Ut,');
ELSE

11 GZT$TTPE>UR$MASK THEN
CALL SETSTYPE(GET$TYPI - UR$MASK);

ELS
CALL PRINT$ERROR('DD');

END;
IND;
END; /* END OF CASE STATEMENT *
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END CODESGEN;

GETINi: PROC BYTE;
RETURN INDEI1(STATE);

END GETINi;

GETIN2: PROC BYTE;
RETURN INDE12(STATE);

END GETIN2;

INCSP: PROC;
IF (SP := SP + 1) >= PSTACKSIZE THEN

CALL FATAL$ERROR('SO');
VALUE(SP) = 0; /* CLEAR VALUE STACK */

END INCSP;

LOOKAHEAD: PROC;
IF NOLOOK THEN

DO;
CALL SCANNER;
IF TOKEN = 2 THEN FILE$DESC$FLAG = TRUE;
NOLOOK = FALSE;
IF PRINT$TOKEN THEN

Do;
CALL CRLF;
CALL PRINT$NUMBER(TOKEN);
CALL PRINT$CHAR(' ")
CALL PRINT$ACCUM;

END;
END;

END LOOKAHEAD;

NO$CONFLICT: PROC (CSTATE) BYTE;
DCL (CSTATE,I,JK) BYTE;
J - INDEK1(CSTATE);
K - J + INDEX2(CSTATE) - 1;
DO I - J TO K;

IF READiCI) - TOKEN THEN RETURN TRUE;
END;

RETURN FALSE;
END NO$CONFLICT;

RECOVERs PROC BYTE;
DCL (TSP, RSTATE) BYTE;
DO FOREVER;

TSP - SP;
DO WHILE TSP > 255;

IF NO$CONFLICT(RSTATE :- STATESTACK(TSP)) THEN
DO; /* STATE WILL READ TOKEN */

IF SP<>TSP THEN SP = TSP - 1;
RETURN RSTATE;
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EN D;
TSP - TSP - 1;

END;
CALL SCANNER; /* TRY ANOTHER TOKEN ~

END;
END RECOVER;

ZND$PASS: PROC;
/* THIS PROCEDURE STORES THE INFORMATION REQUIRED BY
PASS2 IN LOCATIONS ABOVE THE SYMBOL TABLE. THE
FOLLOWING INFORMATION IS STORED: INPUT BtUFUP POINTER,
OUTPUT FILE CONTROL BLOCK, COMPILER TOGGLES *

CALL BTESOUT(scr);
CALL ADDR$OUT(NEXT$AVAILABLE);
CALL MOVE(.DISPLAT(1),.LINE$CTR(0),5);
OUTPUT$PTR - OUTPUT$PTR - .OUTPUT$?Ull;
LIST$PTR = LISTSPTR - .LIST$BUFr;
CALL MOVT(.DrBUGGINGMAX$MlMORT - PASS1$LPN,PASS1$LZN);
L: GO TO L; /* PATCH TO "JMP *000O $/

END END$PSS;

* PROGRAM EXECUTION STARTS HERE* **

CALL MOVE( INITIAL$POS,MAI$MEMORY,RDR$LENGTE);
CALL INIT$SCANNER;
CALL INIT$SYMBOL;

/*** * ** * PARSER ****

DO WHILE COMPILING;
IF STATE <= MAXRNO THEN /* READ STATE *

DO;
CALL INCSP;
STATESTACK(sP) = STATE; /* SAVE CURRENT STATE *
CALL LOOKAHEAD;
I - GETINi;
J7 = I + GETIN2 - 1;
DO I - I TO J;

IF READ1(I) -TOKEN THEN
DO;

/* COPY THP ACCUMULATOR IF IT IS AN
INPUT STRING. IF IT IS A RESERVED
WORD IT DOES NOT NEED TO 2E COPIED.*/

1F (TOKEN - INPUT$STR)
OR (TOKEN = LITERAL) THFN
DO K - 0 TO ACCUM(O);

VARC(K) = ACCUM(K);
END;

STATE =READ2(I);
NOLOOK =TRUJE;
I - J
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END;
ELSE IF I = J THEN

DO;
CALL PRINT$ERROR('NP');
CALL PRINT(.(' ERROR NEAR $'));
CALL PRINT$ACCUI;
IF (STATE :- RECOVER) = 0 THEN

COMPILING = FALSE;
END;

END; /* DO I = I TO J; */
END; /* END OF READ STATE */

ELSE I STATE > MAXPNO THEN /* APPLY PRODUCTION STATE */
DO;

MP - SP - GETIN2;
MPP1 - MP + 1;
CALL CODE$GEN(STATE - MAXPNO);
SP = Mp;
I = GETINi;
J = STATESTACK(SP);
DO WHILE (K := APPLT1(I)) 0 0 AND J 0 K;

I =I +1;
END;
IF (K "= APPLY2(I)) = 0 THEN COMPILING = FALSE;
STATE = K;

END;
ELSE IF STATE <= MAXLNO THEN /*LOOKAHEAD STATE*/

DO;
I = GETINI;
CALL LOOKAHEAD;
DO WHILE (K := LOOK1(1)) <> 0 AND TOKEN (> K;I =I +;
END;
STATE = LOOK2(I);

END;
ELSE
DO; /*PUSH STATES*/

CALL INCSP;
STATESTACK(SP) = GETIN2;
STATE - GETINi;

END;
END; /* DO WHILE COMPILING */
CALL END$PASS;
END;
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COMPUTER LISTING FOR MODULE PART TWO NPS MICRO-COBOL

$ TITLE('NPS MICRO-COBOL COMPILER PART 2') PAGEWIDTH(80)
PAGEWIDTH(60)

PART2: DO; /* MODULE NAME */

COBOL COMPILER - PART 2

MODULE LOCATED AT 1039

GLOBAL DECLARATIONS AND LITERALS */

DECLARE DCL LITERALLY 'DECLARE',p.
LIT LITERALLY 'LITERALLY';

DCL TALSE LIT '0', 0
ALPHk$LIT$FLAG BYTE INITIAL(FALSE),
CR LIT 13'
ERROR BYTE INITIAL(FALSE),_
FOREVER LIT 'WHILE TRUE',
IF$FLAG BYTE INITIAL(FALSE),
LF LIT '10",
MAX$MEMORY ADDRESS INITIAL(03100),
PASS1$LEN ADDRESS INITIAL(353),
PASS1$TOP ADDRESS INITIAL(OBOOOH),
POUND LIT '23H',
PROC LIT 'PROCEDURE',
QUOTE LIT '27",
TRUE LIT "I1 ;

DCL MAILNO LIT "179', /* MAX LOOK COUNT */
MAXPNO LIT '196', /* MAX PUSE COUNT */
MAIRNO LIT '136', /* MAX READ COUNT */
MAISNO LIT '345', /* MAX STATE COUNT */
PRODNO LIT '149', /* NUMBER OF PRODUCTIONS */
STARTS LIT '1', /* START STATE "/
ENDC LIT '22', /* END*
FOYC LIT '19', /* EO? */
PROCC LIT '0', /* PROCEDURE "/
TERMNO LIT '81'; /* TERMINAL COUNT */

DCL READi(*) BYTE
DATA( 0,80,1415,20,26,28,32,34,36,38,44,45 ,54 ,55,57,58,

64

,65,69,70,75,77,63,3,41,63,63,3,4,7,41,63,78,41,63,42,41
,42,49,50,63,76,23,48,61,47,25,41,42,49,5P,63,16,1,53,35,63,749,I 72,3,45,56,39,2,10,1II,31,46,66,Fe,81,14,15,20,26
,28,32,33,34,36,38,44,54,55,57,58,64,65,69,70,75,77,13,135
,30913,51,5,8,41,52,63,73,78,21,6,1911,71,6,6,71,60,71
,1,279,59,59,18,24,18,41,60,63,12,22,6?,14,20,26,2e,32,34
,38,44,54,55,57,58,64,65,69,70,975,77,29,41,60,63,29,67,1
,9,14,15,2e,26,28,32,34,36,38,44,54,55,57,8,64,F5,69,7e
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.75,77,4,?,4,6,7,14,15,17,20,26,28,32,33,34,36e,38,44.54
955,57,58,64,65969,70,Th,77,17,63,79,52,19,63, '37,40,41,42
,49,50,63,69g3.41942,49,50,63,0,0);

DCL LOOKi (*) BYTE
DATA(0,19,63,0,63,0,3,0,53,0,63,?9,0,63.0,43,5-6,0,3,0,39

.49,50,63 0.19,63,0);
DCL APPLYI M* BYTE

DkTA(0,0,113t,l9,0,0,128.,,,34,0,7l.105.lle,119,123

,1305,,10,13,0,0,1207,0,0s,01,00,lll,l2350,1010

tl30,O,41,0,4t2l,0,215,0,0,0,0,88,90.91,92,93,94,95,96.0.0

,50951,52,57966,0,0.2,16,17.19t22,23.27,28,3(d.34,37,39,40
,42943 ,44t45v47,48,4gt5i?,51 ,52,54,55,57?,62.66,11!!,lle.122

,59,60,81,103,111,0,16,17,22,23,28,30,44,4?,48,49.50,51
.52 .57.66 .0 0 , ,36,0, 0,31, 53 ,104 .131.0 .00,e);

DCL READ2 (*) ADDRESS
DATA(0 .63 .19,345,24,26, 138 .31.33 ,34 .36 ,39 .40 .43 .44 45 ,45r
.52,53,54,55,59,60,33l,6,329,l3g,332t6,7, 10,",29.1-19,218
329,139,333,329,334&,336,335,139,249,322,320,321,313,301
339,334,336,335,338,20,2642,319,325,140,137?,56,5,317
,319,37,296,2g5,2g7,293,294,292,287.288,19,!4:5,24,26,138
,31,32,33,34t36,39.43,44,45.4e,52,53,54,55,59,60,le,16,30
l1?,234,9,12,329,41,139,57,61 ,25,286.2-R,14,298,49,50,298
.51,298,2,250,247,246,23,290,22,329,47,139,15 ,303,!-12,19
24,26,138,31,33,36,39,43.,4,45,46,52,53,54,55,59,60,2e
,329,48,139,29,312,207,208,19,345,24,26,13P,Tl,m3,34 .36
.39,43,44,45,46,52,53,54,55,59,60.8,11.8,276,11,19,34r-,21
,24t26 138,3l,32,.33,34t36, 39,43,4tt45 .4e,52t.53, 54,55 .59
,60,21,326,62,41,197,326,35,3e,329,334,..36,335,139,.m30,lZ
,4,3299334,3369335.13.Q',0);I.DCL LOOK2 (*) ADDRESS
DATA(0,204,204,3,2?,1ee,326,327,58,181,200,200,220,66,182
t67 ,67 183,68,324 .69, 184 ,76.76 ,2e65 ,77t7,v268, 78.78 ,269 .79
.79,266,80,BO,26?,81,81,81,81 ,185,83,2ea,85,2El,8?.le6,8
,187,90,90,188,91,91,189,92,190,93,191,94,192,95,193,96
,1949195,195,195910191959195,19591959195,284,102,le2.102
9223 .106 ,270 .107,271, 108,272 ,113 , 16 , 14, 216,115 ,230 ,116
,231,248,24B,119,120,120,260,122,215,124,238,125,198,129
t213 ,131 ,131 ,131 131, 131, 131, 217 ,205 ,20 5,134);

DCL APPLY2 (*) ADDRESS
DATA(0,0,2l4,97,126,176,128,203,202.1?9,118.117,30e.244
t24593079306,243,2V'9,174,178,164,171,170,224,23e,235-,112
,12?,72,240,308,309,308,210,gg,98,71,213,213,213,17?,103
.111,121,173,147,149,14e.150,146,166,167,165,274,273,216
,216,216,169,1759123,84,1539152,283.282,285,70,10&,252
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,253,256,258,259254,255,257,251,225,110,211,172,151,105
,302,130,279.82,314,133,132,e9,157,154,222,158,156,155
,159,160,161,162-,86,239,304,212,319,64144,144,141,144
,144,342,144,144,344,310,226,142,200,143,144,277,144,144
,144,144,144,146145,278,144,221,144,233,233,227,201,201
,64,232,232,65,275,275,275,275,275,275,275,275,275,242
,261,241,73,74,263,75,262,264, 4e,323,323, 23323,323,323
,323,323,323,323,323,323,323,323,323,32e,135,168,337,341
,300,100,228,289,229,163,219,109,136);

DCL INDEIl (P') ADDRESS
DATA(0,1,203,2,217,23,28,24,24,24,24,24,24,27,28,24,203
,203 34,203,33,217,203,203,34,217,36,203,203,Z4,203,37,42
943,203,46,47,203,53,203,203,217,P03,203,203,203,34,203
,203,203 ,203,203.203,37,203,203,54,203,55,34,34, 56 ,203,58
,59,61,203,62,61,64,65,73,94,95,97,98,9W,99,99,99,99,101
,105,106,107,106,109,110,110,111,112,114,11,110,110,110
,110,116,117,119,120,121 ,43,122.37,129,126,126, 126,127

,129,147,151,55,152,203,203,153,154,155,175,177,203,180
,202,203,203,205,206,208,129,209,203,203,2,21',217,1.4,6
,8,10,13,15,18,20,22,25,28,31,34,37,42,44,46.48,50,53,56
,58,60,62 •64,66,76,80,82,84,86,88,90,92,94,97;, 100,102,10t4
,,106,108,115,343,199,305,315, 11,237,?99,299,299,299,299,299,299,299,299,291,199,1,2,2.4,4,6.6.7.7,7,9,9,10,10,10

,12,12,12,12,12,12,12,12,12,12,12,12,12,12,19,19,20,20,21
,21,22,22,24,24,24,24,25,27,28,29,30,31,31,"1,31,31,35,55
,37,38,38,38,38,38,3,38,38.38,38,42,42,43,43,44,44,44,44
•44,46,46,46,51,51,54,54,56,56,56,60,60,62,62,65,65,C-5,67
967,67 ,68 ,68,69,69,69,69,69969,70,70,79,79,8?' .S0 81,81,82
,82,82,82,83,83,84,86,87,87,88,88,89,89,90,90,90,92,92
,187,188,145,145,145,164,180,180,181,1802,1802,182,184,184

,184,185,185,190,190,191,192);
DCL INDEI2 (*) BYTE

DATA(0,1,1,21,6,1,5,3,3,3,3,3,3,1,5,3,1,1,2,1,1,6,1,1,2,6

,1,1,1,1,1,2,2,2,1,1,2,1.1,2,1,1,8,21,1,2,1,1.2,2,2,2,2,4

,6,3,2,2,2,3,2,3,2,2,3,3,3,3,3,5,2,2,2,2.3,3,2,2,2,2,2,10
,4,2,2,2,2,2,2,2,3,3,2,2,2,2,7,3,27,58,66,67,69,81,e7,88
• 90,91,92,93,94,95,96,101,113,5,1,0,0.,1,0,1,1,2,2,1,2,0,0

2,,,2 ,1,0 ,1,4,1,1,3,3 ,1,3 ,1,0,1,0,1,1,2 ,0, 1,1, 0,2 ,8,

,1,1,1,1,2,2,2,5,3,0,1,0,4,4,4,6,6,4,6,4,4,3,0,1,0,1,0,2
,2,1,l,0,2,2,0,2,0,2,1,1,2,0,2,0,2,I,2,2,0,0,1,0,,',0,e.
,0,0,0,.0,0,0 ,0,0,3,o,,, ,0,0,0,,0,0,1,2.,0,10),, ;,

/* IND OF TABLES */
DECLARE

/* JOINT DECLARATIONS */
/* THE FOLLOWING ITEMS ARE DECLARED TOGETHER IN THIS
GROUP IN ORDER TO FACILITATE TFEIR lEING PASSFD FROM
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THE FIRST PART OF THE COMPILER.'/
DIBUGGING BYTE,
ERROR$CTR(5) BYTE,
LINE$CTR(5) BYTE,
LISTtBUFF(128) BYTE,
LIST$FCB(33) BYTE,
LIST$INPUT BYTE,
LISTSPTR ADDRESS.
MAX$INT$MEM ADDRESS,
NEXT$AVAILABLE ADDRESS,
NEXTSYM ADDRESS,
NO$CODE BYTE,
OUTPUT$BUFF(128) BYTE,
OUTPUT$FCB(33) BYTE,
OUTPUT$PTR ADDRESS,
POINTER ADDRESS,
PRINT$PROD BYTE,
PRINT$TOKEN BYTE,
SEOSNUM BYTE,
VRITE$LST BYTE,
HASH$TAB$ADDR ADDRESS, /* ADDRESS OF THE BOTTOM OF

THE TABLES FROM PART1 */

/* I 0 BUFFERS AND GLOBALS */

IN$ADDR ADDRESS INITIAL (5CH),
INPUTFCB BASED INADDR (33) BYTE,
LISTSCHAR BASED LIST$PTR BYTE,
LIST$END ADDRESS,
OUTPUT$CHAR BASED OUTPUT$PTR BYTE,
OUTPUT$END ADDRESS;

/ 'GLOBAL PROCEDURES */

DECLARE
CTR BYTE,
A$CTR ADDRESS;

MON1: PROC (P,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MONI;

MON2: PROC (F,A) BYTE EXTERNAL;
DCL F BYTE, A ADDRESS;

END M092;

BOOT: PROC EXTERNAL;
END BOOT;

PRINT$CHAR: PROC (CHAR);
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DCL CHAR BYTE;
CALL MON1 (2,CHAR);

END PRINTCHAR;

VRITE$OUTPUT: PROC (BUFF,YCB);
DCL (BUFJCB) ADDRESS;
CALL MON1(26,BUFF); /* SET DMA *
IF MON2(21,FCB) 0> 0 THEN

DO;
CALL MON1(9,.(VWR$'));
CALL BOOT;

END;
CALL MON1(26,80R); /*RESET DMA *

END vRITE$OUTPUT;

WRITE$TO$D 15: PROC (CHAR);
DCL CHAR BYTE;
IF' (LIST$PTR := LIST$PTR + 1) > LIST$END THEN

DO;
CALL WRITE$OUTPUT( .LIST$BUP, .LIST$FCB);
LIST$PTR = .LIST$BUFF;

END;
LIST$CHAR = CHAR;

END WRITE$T$DSK;

PRINT: PROC (A);
DCL (A,ADDI.) ADDRESSECHAR BASED ADLR ETTE;
ADDR = A;
CALL MONI (9,A)i
DO WHILE CHAR 0>''

CALL vRITE$TO$DIsL(CHAR);
ADD! - ADDR + 1;

END;
END PRINT;

CRLF: PROC;
CALL MON1(99.(CR,LF,'$'hJ;

END CRLF;

DCRLF: PROC;
CALL VRITE$TO$LISK(CR);
CALL VRITZ$TO$DISK(LF);

END DCRLF;

INC$CTR: PROCtBASE);
DCL BASE ADDRESS, CTR BITE, B$BTE BASED BASE (1) BYTE,

TEN LIT '3AH';
CTR - 4;
DO V!ILi (B$BYTE(CTR) B$BYTE(CTR) + 1) =TEN;

M~YTE(CTR) a 0-
IF CTR > 0 THEN
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IF B$BTTE(CTR : CTR - 1) = ' ' THEN
B$BTTE(CTR) - 'a';

END;
END INC$CTR;

PRINT$ERROR: PROC (CODE);
DCL CODE ADDRESS,CODE1(6) ADDRESSoI BYTE;
IF CODE = FALSE THEN

DO;
DO I = 0 TO 5;CODEI(1 = 0;
END ;

I-- 0;
END;

ELSE IF CODE = TRUE THENDO;
I=0;
DO WHILE((I > 6) AND (CODEI(I) > O));

CALL PRINTCHAR(HIGH(CODEl(I)));
CALL PRINTCHAR(LOW (CODE1()));
CALL VRITE$TO$DISK(HIGH(CODE1(I)));
CALL WRITE$TO$DISK(LOW (COE(I)));
CALL CRLF;
CALL DCRLF;
CODE(I) = 0;
I I +1;

END;
I -0;
ERROR =FALSE;

END;

ELSE IF (CODE = 'NP') OR (CODE = "NV')
OR (CODE = 'SL') THEN

DO; ERROR =TRUE;
CALL PRINTCHAR(RIGH(CODE));
CALL PRINTCRAR(LOW (CODE));
CALL WRITE$TO$DISK(HICH(CODE));
CALL WRITE$TO$DISK(LOW (CODE));
CALL INC$CTR(.EPROR$CTR(O));
IF CODE 0 'NP' THEN

DO;
CALL CRLF;
CALL DCRLF;

END;
END;

ELSE DO;
ERROR " TRUE;
IF I <> 6 THEN

DO;
CODEI) = CODE;
I I *i;
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END;
CALL INC$CTR(.ERROR$CTR(O));

END;
END PRINT$ERROR;

FATAL$ERROR: PROC (REASON);
DCL REASON ADDRYSS;
CALL PRINT$ERROR(REASON);
CALL PRINT$ERROR(TRUE);
CALL BOOT;

END FATALSERROR;

CLOSE: PROC(FCB);
DCL FCB ADDRESS;
IF MON2(16,FCB) - 255 THEN CALL FATAL$FRROR('CL');

END CLOSE;

MORE$INPUT: PROC BYTE;
DCL DCNT BYTE;
IF (DCNT :- MON2(20,.IPUT$FCB)) > 1 THEN

CALL FATAL$ERROR('BR');
RETURN NOT(DCNT);

END MORE$INPUT;

MOVE: PROC(SOURCE, DESTINATION, COUNT);
DCL (COUNTSOURCE.DESTINATION) ADDRESS,
(S$BYTE BASED SOURCE, D$BTTE BASED DESTINATION) BYTE;
DO WHILE (COUNT := COUNT - 1) > OFFEe;

D$BTTE = S$BYTE;
SOURCE = SOURCE +1;
DESTINATION = DESTINATION + 1;

END;
END MOVE;

FILL: PROC(ADDRCHAR,COUNT);
DCL (ADDRCOUNT) ADDRESS,
(CHARDEST BASED ADDR) BYTE;
DO WHILE (COUNT :- COUNT - 1) <> FFFFE;

DEST-CHAR;
ADDR=ADDR + 1;

END;
END FILL;

1* * * * * *SCANNER L-ITS** /

DECLARE
INPUT$STR LIT '63',
INVALID LIT 'e,

LITERAL LIT '42'
LPARIN LIT '3'
PERIOD LIT ''
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RPARIN LIT

/* ** SCANNER TABLES***~

*DCL TOTENsTABLE (*) BYTE DATA
/* CONTAINS THE TOKEN NUMBER ONE LESS THAN THE F'IRST
RESERVED WORD FOR EACH LENGTH OF WORD ~
(0,0.12,18,25,42,54,63,?3,77,80),

TA3LE (*) RYTI DATA('BY',GO''IF''NO'pOP''TOAOF,9ADDO
9'AND'9 END','I-O' NOT ,RUN''CALL'ELSE, XTT
,FROM I, IINTO', 'LESS', 'MOVE'.'NEXT', 'OPEN ', PAGE', 'READ'
,SIZl','STOP', 'THRU', 'WITH', 'ZERO' ,'AFTER', CLOSE'
'ENTER, ' EQUAL','ERROR' ,'INPUT', 'qUOTE'. TIMES'.OSPACE'
,UNTIL, "USING','WRITE','ACCEPT, BEFORE', 'DELPTE'
,DIVIDE' ,END-IF, GI VING' , 'OUTPUT ', COMPUTEO,PDISPLAY'
'GREATER ''IALDNUEIC' ,'?ERFORM', 'REWRITF'
, 'ROUNDED' :'SECTION ', 'VARTING', 'DIVISION ','MULTIPLY'
'SENT!ENCE','SUBTRACT','ADVkNCING- 'DEPENDIN-'

' PROCEDURE', ALPHABETIC),OFFSET (11.) ADDRESS INITIAL
/* NUMBER OF BYTES To INDEX INTO THE TABLE F'OR EACH

LENGTH *
(0.0 ,0,12,.33 ,97,157.,199, 269, 301 ,328),

VORD$COUNT (*) BYTE DATA
/* NUMBER or woRrS OF EACH SIZE
(0 90,6 .7 ,16,.12,7,10,4,. 1),

ACCUM(82) BYTE,
ADD$EMD(*) BYTE DATA(' YO7 )

3UFE$END ADDRESS INITIAL(100H),
CHAR BYTE INITIA( '),
rISPLAY(88) BYTE INITIAL(e),
1OFFILLER LIT lAH',
FIRMTLINE BYTE INITIAL(TRUE),
FORMFE!D LIT -OCR.-,
HOLD BYTE,
INBUFF LIT -sr
LOOKED BYTE INITIAL(0),
MAX$ID$LEN LIT '15',
MAX$LEN LIT '10',
NEXT BASED POINTER BYTE,
TA3 LIT '09',
TOKEN BYTE; /*RETURNED FROM SCANNER *

/* PROCS USED BY THE SCANNER *

NZT$CEAR: PROC BYTE;
IF LOOKED THEN

DO;
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LOOKED = FALSE;
RETURN (CHAR := SOLD);

END;
IF (POINTER :- POINTER + 1) >= BUFFER$END THEN

DO;
IF NOT MORE$INPUT THEN

DO;
BUFFER$TND = .MEMORY;
POINTER = oADD$END;

END;
ELSE POINTER - INBUFF;

END;
IF NEXT - EOFFILLER THEN

DO;
BUFFER$END = .MEMORY;
POINTER - ADD$END;

END;
RETURN (CHAR := NEXT);

END NEXT$CHAR;

GET$CHAR: PROC;
CHAR = NEXT$CHAR;

END GET$CHAR;

DISPLAT$LINE: PROC;
DCL I BYTE;
DO I - 1 TO DISPLAY(O);

IT LIST$INPUT OR ERROR TEEN
CALL PRINT$CHAR(DISPLAT(I));

IF WRITE$LST OR ERROR THEN
CALL WRITE$TO$DISK(DISPLAY(I));

END;
IF FIRST$LINE THEN

DO;
CALL MOVE(.LINE$CTR,.DISPLAY(I),5);
FIRST$LINE = FALSE;

END;
ELSE CALL INC$CTR(.DISPLAY(O));
DISPLAY(S) - 5;

END DISPLAYSLINE;

LOAD$DISPLAY: PROC;
IF DISPLAT(S) < 87 THEN

DISPLAY(DISPLAY(S) :- DISPLAY(S) + 1) = CHAR;
CALL GET$CHAR;

END LOAD$DISPLAY;

PUT: PROC;
IF ACCUM(S) < 81 THEN
ACCUM(ACCUM(S) :- ACCUM(S) + 1) = CHAR;
CALL LOAD$DISPLAT;
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END PUT;

EAT$LINE: PROC;
DO WHILE CHAR 0 CR;

CALL LOAD$DISPLAY;
END;

END RAT$LINE;

GET$NO$BLANK: PROC;
DCL I BYTE;
DO FOREVER;

IF CHAR - " " OR CHAR = TAB TEEN CALL LOAD$DISPLAT;
ELSE IF CHAR=CR THEN

DO;
CALL LOADSDISPLAT;
CALL LOAD$DISPLAT;
CALL DISPLATSLINE; -'

CALL PRINT$ERROR(TPUE);
DO WHILE CHAR a CR;

CALL LOAD$DISPLAT;
CALL LOAD$DISPLAT;
CALL DISPLAYSLINE;

END;
IF SEQ$NUM THEN

DO I = 1 TO 6;
CALL LOADSDISPLAT;

END;
IF CHAR = "*" THEN CALL EAT$LINE;
ELSE IF CHAR = '/" THEN

DO;
IF LIST$INPUT THEN

CALL PRINT$CHAR(FORM$FEED);
IF WRITE$LST THEN

CALL WRITE$TO$DISK(FORf$FEED);
CALL EAT$LINE;

END;
ELSE IF CHAR = ":" THEN

IF NOT DEBUGGING THEN CALL EATSLINE;
ELSE CALL LOAD$DISPLAY;

END;
ELSE RETURN;

END; /* END OF DO FOREVER */
END GET$NO$3LANK;

SPACE: PROC BTTE;
RETURN (CHAR = " ) OR (CHAR = C?) OR (CHAR = TAB);

END SPACE;

LEFTSPARIN: PROC BYTE;
RETURN CHAR (

END LIFTSPARIN;
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RIGHT$PARIN: PROC BYTE;
RETURN CHAR )

END RIGHT$PARIN;

DELIMITFER: PROC BYTE;
IF CHAR 0 '.' THEN RETURN FALSE;
HOLD = NEXT$CHAR;
LOOKED = TRUE;
IF SPACE THEN

DO;
CHAR .
RETURN TRUE;

END;
CHAR = . ;
RETURN FALSE;

END DELIMITER;

END$OFtTOKFN: PROC BYTE;
RETURN SPACE OR DELIMITER OR LEFT$PARIN OR RIGHT$PARIN;

END END$OF$TOKEN;

GET$LITERAL: PROC BYTE;
CALL LOAD$DISPLAT;
DO FOREVER;

IF CHAR - QUOTE THEN
DO;

CALL LOAD$DISPLAT;
RETURN LITERAL;

END;
CALL PUT;

END;
END GET$LITERAL;

LOOK$UP: PROC BYTE;
DCL POINT ADDRESS
HERE BASED POINT (1) BYTE, I BYTE;

MATCH: PROC BYTE;
DCL J BYTE;
DO J - 1 TO ACCUM(O);

IF RERE(J - 1) <> ACCUM(J) TRHN RETURN VALSE;
END;
RETURN TRUE;

END MATCE;

POINT - OFFSET(ACCUM(@)) + .TABLE;
DO I - 1 TO WORD$COUNT(ACCUM(O));

I MATCH THEN RETURN I;
POINT = POINT + ACCUMM();

END;
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RETURN FALSE;
END LOOK$UP;

RESERVED$WORD: PROC BTTE;
DCL (NUMBVALUE) BYTE;
Ip ACCUM(O) < MAI$LEN THEN

DO;
IF (NUMB := TOKEN$TABLE(ACCUM(O))) 0 0 THEN

IF (VALUE : LOOK$UP) <> 0 THEN
NUMB NUMB + VALUE;

ELSE NUMB 0;
END;

ELSE NUMB = 0;
RETURN NUMB;

END RESERVED$WORD;

GET$TOKEN: PROC BYTE;
ACCUM(o) - 0;
CALL GET$NO$BLANK;
IF CHAR = OUOTE THEN RETURN GET$LITERAL;
IF DELIMITER THEN

DO;
CALL PUT;
RETURN PERIOD;

END;
IF LEFT$PARIN THEN

DO;
CALL PUT;
RETURN LPARIN;

END;
IT BIGHT$PARIN TEEN

DO;
CALL PUT;
RETURN RPARIN;

END;
DO FOREVER;

CALL PUT;
IF END$OF$TOKEN THEN RETURN INPUT$STR;

END; /* OF DO, FOREVER /
END GET$TOKEN;

END OF SCANNER ROUTINES /
SCANNER EXEC '/

SCANNER: PROC;
IF(TOKEN := GET$TOKEN) = INPUT$STR THEN

IF (CTR :- RESERVED$WORD) > 0 THEN TOKEN = CTR;
END SCANNER;

PRINT$ACCUM: PROC;
DCL I BYTE;
DO I - I TO ACCUM(O);

CALL PRINT$CHAR(ACCUM(I));
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CALL VRITE$TO$DIsK(ACCUM(I));
END;
CALL CRLF;
CALL DCRLF;

END PRINT$ACCUM;

PRINT$NUMBER: PROC (NUMB);
rECLARE(NUMBI,CNT,K) BYTE, J (*) BYTE rATA(100,10);
DO I = 0 TO 1;

CNT - 0
DO WHILE NUMB >- (I :=VI

NUMB - NUMB - K;
CNT - CNT +1

EN D;
CALL PRINTCFAR('0' + CNT);

END;
CALL PRINTCHAR(We + NUMB);

END PRINT$NUMBER;
/** * * END OF SCANNER PROCS **

/** * * * SYMBOL TABLE DECLARATIONS ****
DECLARE
CUR$STM ADDRESS, /*SYMBOL PEING ACCFSSED*/
DECIMAL LIT'1,
DISPLACEMYNT LIT'1,
ICB$ADDR LIT ''
FLD$LENGTE LIT 30,
SASff$MASK LIT '1E
LIVEL LIT l10e,:
LOCATION LIT 2#,
P$LENGTH LIT 'W.
R1L$ID LIT '5 9
S$TYP! LIT '2',
START$NAMT LIT '1' /*l LESS*/
SYMBOL BASED CUR$SYM (1) BYTE,
SYMBOL$ADDR BASED CUR$SYM (1) ADDRESS,
TTMP$PTR ADDRESS,
TTMP$ADDR BASED TEMP$PTR ADDRESS,

/***** SYMBOL TYPE LITERALS **$**

A$ID LIT '72',
A$N$ED LIT IWO'
ALPHA LIT 'B',1
ALPHA$NUM LIT 1'9',
COMP LIT '21',
GROUP LIT '6'
LABELITYPE LIT '32',
LIT$QUOTE LIT Ili''
LIT$SPACE LIT '10',
LIT$ERO LIT '12',
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MULT$OCCURS LIT '12e',
NON$NUMERIC$LIT LIT '7'.
NUM$ED LIT lee',
NUMERIC LIT lie',
NUMERIC$LITERAL LIT '15'
UNRESOLVED LIT '255';

* SYMBOL TABLE ROUTINES ****

SET$ADDRESS: PROC (ADDE);
DCL ADDE ADDRESS ;

SYMBOL$ADDR(LOCATION) = ADDR;
END SMTADDRFESS ;

GIT$ADDRESS: PROC ADDRESS;
RETURN SYMBOL$ADDR(LOCATION);

END GETSADDRESS;

GET$FCP$ADDR: PROC ADDRESS;
RETURN sYMBOL$ArrR(ECB$ADDR);

END GET$FCB$ADDR;

GET$TYPE: PROC BITE;
RETURN SYMBOL(S$TYPE);

END GET$TYPE;

SET$TYPY.: PROC(TYPE);
D)CL TYPE BYTE;
SYMBOL(S$TYPE) = TYPE;

END SET$TYPE;

GET$LENGTH: PROC ADDRESS;
RETURN SYMBOL$ADDR(FLD$LENGTH);

END GET$LENGTR;

GET$LEVEL: PROC BYTE;
RETURN SYMBOL(LEVEL);

END GET$LEVEL;

GET$DECIMAL: PROC BYTE;
RETURN SYMBOL(DECIMAL);

END GET$DPCIMAL;

GET$P$LENGTH: PROC BYTE;
RETURN SYMBOL(PLENGTK);

END GET$P$LENGTH;

BUILD$SYMBOL: PROC(LEN);
DCL LEN BYTE, TEMP ADDFESS;
TEMP - NEXT$SYM;
17 (NEXTSYM :.SYMBOL(LEN :2LEN *DISPLACEMENT))
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MAX$MEMOPY TEEN CALL PATAL$ERROP('ST')i
CALL FILL (TEMP.0.LFN);

END BUILD$SYMBOL;

GlTT$PREV$OCCURS: PROC ADDRESS;
TIMPtPTR - CUR$SYM + DISPLACEMENT + GET$P$LENGTH;
RETURN TEMP$ALDR;

END GIT$PREV$OCCURS;

AND$OUT$OCCURS: PROC (TYPE$IN) BYTE;
DCL TYPI$IN BYTE;
RETURN TYPI$IN AND 12?;

END AND$OUT$OCCURS;

CEECK$UN RESOLVED: PROC;
DCL (I,J) BYTE,PTR ADDRFSS,ADDR$PTR BASED PTR ArDRESS;
PTR aHASH$TAB$ADDR;/*SFT PTR TO FIRST BASE~ ADDR*/
DO 1 1 TO 64;

IF ADDR$PTR<>0 THEN
DO;

CUR$SYM - ADDRSPTR;
DO WHILE CURSYM00;

IF GET$TTPE - UNRESOLVED THEN
DO;

CALL PRINT(.('UL $'));I DO J - 1 TO GETtP$LENGTF;
CALL ?RINT*CRAR(STMSOL(STAiTtNA'! + 4 )
CALL WRITE$TO$D!SK(SYMBOL(START$NAME + ))

END;
CALL CRLF;
CALL DCRLF;
CALL INC$CTR( .ERBORtCTR (0));

END;
CURSYM = STMBOL$ADDR(O);

END;
END;

PTE. - PTR + 2;
END;

END CHECK$UNRESOLVED;

1* * $PAPSER DECLARATIONS *SS5

DCL
COMPILING BYTE INITIAL(TRUE),
COM$LNGTH BYTE,
COND$TT BYTE,
DISPLAT$FLAG BYTE INITIAL(JALSE),
IOLD$SIC$ADDR ADDRESS,
HOLD$SECTION ADDRESS,
ID$PTR BYTE,
ID$STACK(20) ADDRESS,
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(1,3,J!) ADDRESS, /*INDICIES FOR THE PAPSFR'/
L$ADDR ADDRESS,
L$DEC BYTE,
LtDEC$TEMP ?YTE,
L$LENGTH ADDRESS,
L$TYPF BYTE,
MP BYTE,
MPP1 BYTE,
NEXT$ADDRFSS ADDRESS INITIAL(O),
NOLOOK BYTE INITIAL(FALSY),
PSTACKSIZE LIT '30', /* SIZE OF STACKS*/
SECTIONSFLAG BYTE INITIAL(O),
SP BYTE INITIAL(255),
STATE ADDRESS INITIAL(STARTS)o
STATESTACK(PSTACKSIZE) ADDRESS. / SAVED STATES */
SUB$IND BYTE INITIAL(O),
VARC(100) BYTE, /*TEMP CHAR STCRE*/
VALUE(PSTACKSIZE) ADDRESS, /, TMEMP VALUES $/
VALUE2(PSTACKSIZE) ADDRESS, /w VALUE2 STACK */
WRITE$BEFORE BYTE INITIAL(FALSE),
WRITE$AFTER BYTE INITIAL(FALSE),

/* * * * , • CODE LITERALS * * * * * * * * * */
/* THE CODE LITERALS ARE BROKEN INTO GROUPS DEPENDINC
ON THE TOTAL LENGTH OF CODE PRODUCED FOR THAT ACTION */
/* LENGTH ONE */

ADD LIT '1', /' ADD REGISTER 1 TO REGISTER 0 V
ADD LIT '1, / ADDT' REGISTER 1 FROM REGISTER 0 */
MUL LIT '"'o /* MULTIPLY REGISTER 0 BY REGISTER I */
DIV LIT '4', /* DIVIDE REGISTER 0 BY REGISTER 1/
NEG LIT '5', /* NOT OPERATOR */
STP LIT '6', /* STOP PROGRAM */
STI LIT '7', /' STORE REGISTER 2 INTO REGISTER 0 */
EXT LIT '8', /* FXIT SUBROUTINE */

/* LENGTH TWO */
RND LIT '9', /U ROUND CONTENTS OF REGISTER ? *1

/* LENGTH THREE */
RET LIT '10', /* RETURN */
CLS LIT '11', /* CLOSE */
SIR LIT '12', /* BRANCH ON SIZE ERROR */
BRN LIT '13', /* BRANCH */
OPN LIT '14', /* OPEN A FILE FOR INPUT */
OP1 LIT '15', /' OPEN A FILE FOR OUTPUT */
OP2 LIT '16', /* OPEN A FILE FOR BOTH INPUT ANI OUTPUT */
RGT LIT '17' /* REGISTER GREATER THAN /
RLT LIT '18' /* REGISTER LESS THAN */
REQ LIT '19', /* REGISTER EQUAL */
INV LIT '20', /* BRANCH I? INVALID-FILE-ACTION FLAG TPUE */
NOR LIT '21'9 /* BRANCH ON END-OF-RECORDS FLAG */

/* LENGTH FOUR */
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PAG LIT '22', /* CARRIAGE CONTROL FOR PRINTER OPERATION /
ACC LIT '23', /* ACCEPT /
STD LIT '24', /* STOP WITH DISPLAY */
LDI LIT '25', /* LOAD A CODE ADDRESS DIRECT /

/I LENGTH FIVE */
DIS LIT '26', /* DISPLAY */
DEC LIT '27', /* DECREMENT COUNT AND 3RANCH IF ZERO /
STO LIT '28', /* STORY NUMERIC */
ST1 LIT '29', /* STORE SIGNED NUMERIC LEADING */
ST2 LIT '30', /* STORE SIGNED NUMERIC TRAILING IP/
ST3 LIT '31', /* STORE SEPARATE SIGN LEADING */ST4 LIT '32', /* STORE SEPARATE SIGN TRAILING */

ST5 LIT '33', /* STORE A PACEED NUMERIC FIELD */
/* LENGTH SIX '/

LOD LIT '34' /* LOAD NUMERIC LITERAL *1
LD1 LIT -35', / LOAD NUMERIC */
LD2 LIT '36', /* LOAD SIGNED NUMERIC LEADING */
LD3 LIT '37's /* LOAD SIGNED NUMERIC TRAILING */
LD4 LIT '38', /* LOAD SEPARATE SIGN LEADING /
LD5 LIT '39', /* LOAD SEPARATE SIGN TRAILING /
LD6 LIT '40', /* LOAD A PACKED NUMERIC FIELD */

/* LENGTH SEVEN */
PER LIT '41', /I PERFORM $/
CNU LIT '42', /* COMPARE NUMERIC UNSIGNED */
CNS LIT '43'. /* COMPARE NUMERIC SIGNED /
CAL LIT '44', /* COMPARE ALPHABETIC */
RWS LIT '45' /* REWRITE SEQUENTIAL */
DLS LIT -46': /* DELETE SEQUENTIAL /
RDF LIT '47', /* READ A SEQUENTIAL FILE */
WTF LIT '48', /* WRITE A RECORD TO A SEQUENTIAL FILE */
RVL LIT '49', /* READ A VARIABLE LENGTH FILE 4/
VVL LIT '50' , / WRITE A VARIABLE LENGTH RECORD /

/* LENGTH NINE *I
SCR LIT '51', /* CALCULATE A SUBSCRIPT 4/
SGT LIT '52', /* STRING GREATER THAN */
SLT LIT '53', /* STRING LESS THAN */
SEQ LIT '54', /* STRING EQUAL 5/
MOT LIT '55', /* MOVE 5/

/5 LENGTH TEN */
RRS LIT '56', /* READ RELATIVE SEQUENTIAL 5/
WRS LIT '57', /" WRITE RELATIVE SEQUENTIAL 5/
RRR LIT '5e, /* READ RELATIVE RANDOM 5/
WRR LIT '59', /* WRITE RELATIVE RANDOM 5/
RWR LIT '60', /* REWRITE RELATIVE 5/

DLR LIT '61', /* DELETE RELATIVE */
/* LENGTH ELEVEN 5/

MID LIT '62', /* MOVE INTO AN ALPHANUMERIC EDITED FIELD 5/
/* LENGTH THIRTEEN */

MN! LIT '63', /* MOVE INTO A NUMERIC EDITED FIELD 5/
SBR LIT '64', /* SUBROUTINE CALL '/

/* VARIABLE LENGTH ,/
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GDP LIT '65', / GO TO - DEPENDING ON */
PAR LIT '66', /* PARAMETER LIST */

/* BUILD DIRECTING ONLY */
INT LIT '67', /* INITIALIZE MEMORY */
BST LIT '68', /* BACK STUFF */
TER LIT '69', /* TERMINATE BUILD */
SCD LIT '70; [* START CODE =/

/* * PARSER ROUTINES S * * * */
DIGIT: PROC (CHAR) BYTE;

DCL CHAR BYTE;
RETURN (CHAR <= '9') AND (CHAR >= '0');

END DIGIT;

LETTER: PROC (CHAR) BYTE;
DCL CHAR BYTE;
RETURN (CHAR >- 'A') AND (CHAR <= 'Z');

END LETTER;

INVALID$TTPE: PROC;
CALL PRINT$ERROR('IT');

END INVALID$TYPE;

BYTE$OUT: PROC(ONE$BYTE);
DCL ONE$BYTE BYTE;
IF NO$CODE THEN RETURN;
IF (OUTPUT$PTR := OUTPUT$PTR + 1) > OUTPUTtEND THEN
DO;

CALL W'ITE$OUTPUT(.OUTPUTSBUFF,.OUTPUT$FCP);
OUTPUT$PTR = .OUTPUT$BUFF;

END;
OUTPUT$CHAR = ONSBYTE;

END MYTE$OUT;

ADDR$OUT: PROC (ADDR);
DCL ADDR ADDRESS;
CALL BYTE$OUT(LOW(ADDR));
CALL BYTE$OUT(BIGH (ADDR));

END ADDR$OUT;

INC$COUNT: PROC(CNT);
DCL CNT BYTE;
IF(NEXT$AVAILABLE := NEXT$AVAILABLE + CNT)

> MAX$INT$ME THEN CALL FATAL$ERROR('MO');
END INC$COUNT;

ON?$ADD?$OPP: PROC(CODE,ADDR);
DCL CODE BYTE, ADDR ADDRESS;
CALL BTTE$OUT(COrE);
CALL ADDR$OUT(ADDR);
CALL INC$COUNT(3);

243

ila



END ONE$ADDR$OPP;

MATCH: PROC ADDRESS;
MC POINT ADDRESS, COLLISION BASED POINT ADDRESS,

(9OLD,I ) BYTE;
I? VARC(0))Mkl$lD$LEK THIN VARC(O) = MAX$ID$LXN; f
HOLD -0;
DO I - TO VARC(O);

HOLD - HOLD + VABC(I);
END;
POINT - HASR$TAB$ADDR + SHL((HOLD AND EASHSMASK),l);
DO FOREVER;

IF COLLISION - 0 THEN
DO;

CUR$STM.COLLISION = REXT$SYM;
CALL pUrLD$SYMBOL (VARC (3));
SYMbBOL(P$LENGTH) = VARC(e);
DO I = 1 TO VARC(O);

SYMBOL(START$NAME + I) =VARC(I);
END;
CALL SETMMP!UNRESOLVID);
RETURN CURSM;

EOD;

DO;
CUR$SYt4=COLLISION;
IF (HOLD:=GET$P$LENGTH)=VARC(0) THEN

DO;
i-i.;
DO WHILE SYMBOL(STkRT$NAME + 1)= VARC(I);
IF (I:=I.1)>HOLD THEN

RETURN(CUR$SYM :=COLLISION);
EN D

END;
END;

POINT = COLLISION;
END;

END MATCH;

SMT$VLU!: PROC (NUMB);
DCL NUMB ADDRESS;
VALUE(MP) - NUMB;

END SFT$VALUr;

SET$VALUE2: PROC (ADDR);
DCL ADDR ADDRESS;
VALU12(MP) -ADDR;

IND SET$VALU12;

CEK$UD$VAR:PROC MR);
DCL PTR BYTT;
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CURSTM" VALUE(PTR);
IF GET$TTPE =UNRYSOLVED TEEN

CALL PRINT$ERRCR( 'UD');
END CHK$UDtVAE;

SUB$CNT: PROC BYTE;
IF (SUB$IND :=SUD$IND +1) > 7 TEEN

SUP$IND 1;
RETURN SUBSIND;IEND SUB$C4T;

CODE$BYTE: PROC (CODE);
DCL CODE BYTE;
CALL BT$OUT(CODE);
CALL INC$COUNT(1);

END CODE$DYTE;

CODE$ADDRESS: PROC (CODE);
DCL CODE ADDRESS;
CALL ADDR$OUT(COrE);
CALL INc$COUNT(2);

END CODE$ADDRESS;

CONVERT$INTEGER: PROC ADLRESS;
DCL A BYTE;
ACTR =0;
IF VARC(1M . THEN A = 2; ELSE k 1=
DO CTR = A TO VARC(O);

IF NOT DIGIT(VARC(CTR)) TEEN

D;CALL PRINT$ERROR('NN');

EN;RETURN A$CTR;

'ELSE A$CTR = SHL(ACTR.3) + SHL(ACTR,l)
VARC(CTR) - ''

END;
RETURN ACTR;

END CONVERT$INTEGER;

BACKSTUFF: PROC (ADD1,ADD2);
DCL (ADD1,ADD2) ADDRESS;
CALL BYTE$oUT (BST);
CALL ADDROUT ADWi;
CALL ADDR$OUT(ADD2);

END BAMKSTUFF;

CHK$NT$ENTEICE: PROC;
1F N!IT$kDDRISS 0> 0 TEEN

DO;
CALL BACKSTUFF(NEXT$ADERESS ,NEXTSAVAILAPLEI;
NEXT$ADDRESS 0;
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EIM D;
END CHK$NXT$SENTENCE;

UNRES$DANCH: PRoc;
CALL SET$VALUE(N!EXT$AVAILABLE + )
CALL ONE$ADDR$OPP(BRNO);-
CALL SET$VALUE2(N!1T$AVArLffLE);

FND UNRES$BR&NCH;

BAC[$COND: PROC;
CALL BACKSTUFF(VALUE(SP - 1),NEXTL$AVAILABLE);H

SETtBRANCH: PROC;
CALL SET$VALUE(NEXT$AVAILABLE);
CALL CODE$ADDRESS(O);

END SET$BEANC?;

KEEP$VALUES: PROC;
CALL SETSVALUE(VALUE(SP));
CALL SET$vALUE2(VALU12(SP));

END KEEP$VALUES;

CAPPAG?$CONTROL: PROC;
WRITE$BEFORE,WRITE$AFTER = PALSE;v
CALL CODE$BYTE(PAG);
CML CODE$ADDRESS (GET$FCB$ADDR);
CALL CODE$BYTE(VALUE(S?));,

END CARRAGE$CONTROL;

STD$ATTRIBUTES: PROC(TYPE);
DCL TYPE BYTE;
CALL CODE$ADDRESS(GET$FCB$ADDR);
CUR$SYM - GFT$ADDRESS;
CALL CODE$ADDRESS (GET$ADDRESS);
CALL CODEADDRESS(GET$ENGTH);
IF TYPE - 6 THEN RETURN;
CUROSYM = GET$FPCB$ADDR;
CUR$SYM = SYMBOL$ADDR(RZL$ID);
CALL CODE$ADDRTSS(GFT$ADDRESS);
CALL CODE$BITT (GET$ENGTH);

END STD$ATTRIBUTES;

VPITE$ARECORD: PROC;
DCL TEMP$SYM ADDRESS;
IF GET$EVE 0> 1 THEN CALL PRINT$ERROR('WL');
ELSE

DO;
TEMP$SYM =CUR$SYM;
CUR$SYM - GET$FCB$ADDR;
IF (CTR :G!T$TYPE) (0 1 AND
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(bWRITE$BEFORE OR WRITF$P.FTER) TEEN
CALL PRINT$ERROR( 'Cc');

ICTR =1 THEN

IF VRITE$AFTER THEN CALL CARRAGE$CONTROL;
CALL CODE$BYTE(VTF);
CALL STD$ATTRIBUTES (O);
17 WRITE$MYORE TEEN

DO;
CURSSTM = GETSFCP$ADDR;
CALL CARRAGE$CONTROL;

END;
END;

ELSE IF CTR - 2 THEN
DO;

CALL CODE$BYTE(WRS);
CALL STD$ATTRIBUTES(l);

END;
ELSE IF CTR =3 THEN

DO;
CALL CODE$BTTE(WRR);
CALL STD$ATTRIBUTES(l);

END;
ELSE IF CTR =4 THEN

Do;
CALL CODE$BYTE(WVL);
CALL CODE$ADDRESS (GET$FCD$ADDR);
CUR$SYM = TEtMP$STM;
CALL CODEADDRESS(GET$ADDRESS);
CALL CODE$ADDRESS(GET$LENGTH);

END;
ELSE CALL PRINT$ERROR(FT');

END;
END WRITE$A$ECORD;

RFAD$A$FILE: PROC;
1F (CTR := GET$TTPE) - 1 THEN

DO;
CALL CODT$YTE(RDF);
CALL STr$ATTRIBUTES (0);

END;
ELSE IF CTR = 2 THEN

DO;
CALL CODP$BYTE( ERS);
CALL STD$ATTRIBUTES(l);

EN D;
ELSE IF CTR - 3 TEEN

DO;
CALL CODESDTE(RRR);
CALL STD$ATTRIBUTES(l);

END;
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ELSE IF C TR 4 THEN
DO;

CALL CODE$BYTE(RVL);
CALL CoDE$ADDRESS(GET$FCB$ADDR);
CALL COLE$ADDRESS(GET$LENGTEH8
CUR$SYM = GMTADDRESS;
CALL CODE$ADDRESS(GFT$ADDRESS);

END;
ELSE CALL ?RINT$ERRORU'FT');

END READ$A$FILE;

ARITHMETIC $TYPE: PROC BYTE;
IF ((L$TYPE :- AND$OUT$OCCUP.S(L$TYPE)) >=

NUMERIC$ITERAL) AND (L$TTPE <= COMP) THEN
RETURN L$TYPE - NUMERICSLITERAL;

IF L$'TTPF = LIT$ZERO OR L$TYT - ALPHA$NUM THYN
RETURN 0;

CALL INVALID$TYPE;
RETURN 0;

END ARITHI'ETIC$TYPE;

DELETESA$FILE: PROC;
IF (CTR := GET$TYPE) = 3 THEN

DO;
CALL CODE$BYTE(DLR);
CALL STD$ATTRIBUTES (1);

END;
ELSE IF CTR = 2 THEN

DO;
CALL CODE$BYTE(DLS);
CALL STD$ATTRIBUTES(0);

END;
ELSE CALL PRINT$ERROR('IT*);

END DELETESWFILE;

REWRITE$A$RFCORD: PROC;
1F GET$LEVEL 0> 1 THEN CALL PRINT$ERRORVVWL');
ELSE

DO;
CU2R$SYM =GET$FCB$ADDR;
IF (CTR :mGET$TYPE) = 3 THEN

DO;
CALL CODE$BTTE(RVR);
CALL STD$ATTRIBUTES(1.);

END;
ELSE IF CTR - 2 THEN

DO;
CALL CODE$BTTE( RWS);
CALL STD$ATTRIBUTES (0);

END;
ELSE CALL PPINT$ERROR('IT');
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IND;
IND REVRITE$ARICORD;

ATTRIBUTES: PROC;
CALL CODE$ADDRESS(L$&DDR);
CALL CODE$BYTE(L$LNGTH);
CALL CODE$BYTE(LSDEC);

END ATTRIBUTES;

LOAD$LtID: PROC(S$PTR);
DCL S$FTR, BYTE;
IT ((A$CTR :-VALUF(S$PTR)) <= NOAd$NUIIERIC$LIT) OR

(A$CTR aNUMERIC$LITERAL) THEN
DO;

L$ADDR. - VALU12(SPTR);
L$LENGTH - CON $LENGTH;
L$TYPE =A$CTR;
IF A$CTR aNUI.EPIC$LITEBAL THIN

L$DEC -L$DEC$TEMP;
ELSE L$DEC - 0
RETURN;

END;
IF A$CTR <- LIT$ZERO THEN

DO;
L$TTPE,L$ADDR =A$CTRP
L$DEC = 0
L$LENGTE = 1
RETURN;

END;
CUR$STM = VALUE(S$PTR);
L$TP - GET$TYPE;
L$LENGTHr = GET$LENGTH;
L$DFC - GFT$DECIMAL;
IF(LADDR :=VALUE2(S$PTR)) = THEN

L$ADDR -GET$ADDE~SS;
END LOAD$L*ID;

LOAD$RG: PROC (REGSNO, PTR);
DCL (REG$NO,PTR) BYTE;
CALL LOAD$L$ID(PTR);
CALL CoDE$BYTl(LOD.ARITHMETIC$TYPF);
CALL ATTRIBUTES;
CALL CODE$BYTE(REG$NO);

END LOADMEG90

STORE$REG: PROC (PTR);
DCL PTR BYTF;
CALL LOAD$L$ID(PTR);
CALL CODEBYTE(STO + ARITHITIC$TYPE -1);

CALL ATTRIBUTES;
END STORE$REG;
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STORE$CONSTANT: PROC ADDRESS;
IF(MAX$INT$MEM :- MAX$INTSMIM - VARC(E)) < NEXTSAVAIL'ZLE

THEN CALL FATAL$ERROR('MO');
CALL BTTE$OUT(INT);
CALL ADDR$OUT(MAI$INT$MEM);
CALL ADDR$OUT(CON$LENGTH := VARC(0));
DO CTR - 1 TO CON$ENGTR;

EN;CALL BTTE*OUT(VARC(CTR));

RETURN MAIS INT$MEM;
END STORP$CONSTANT;

NUMERIC$IT: PROC BYTE;
DCL CHAR BYTE;
L$DPC$TEMP - 0;
DO CTR = 1 TO VARC(0;

IF NIOT( DIGIT(CHAR := VARC(CTR))
OR (CHAR = - ) OR (CHAR=
OR (CHAR = '))THEN RETURN FALSE;

IF CHAR '9THEN

L$DFC$TEMP-VARC( 0)-CTP;
END;
RETURN TRUE;

END NUMERIC$LIT;

ALPHAtLIT: PROC BYTF;
DO CTR - 1 TO TARC(0;

1F NOT(LETTIR(VARC(CTR)l) THEN RETURN MASP;
END;
RETURN TRUE;

END ALPEA$LIT;

ROUND$SORE: PROC;
IF VALUE(SP) 0> 0 THEN

D;CALL CODE$DTE(RN);

EN;CALL CODEPYTE(L$DC);

*END ROUND$STORE;

ADD$SUB: PROC(INDEX);
DCL INDEX BYTE;
CALL LOAD$REG(1,SP - 1);
CALL CODE$BYTE(ADD + INDEX);
CALL ROUND$STORE;

END ADD$SUB;

MULT$DIV: PROCCNDEX);
DCL INDEX BYTE;
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CALL LOAD$REG(OtMPP1);
CALL LOAr$REG(1.SP - 1);
CALL CODI$BYTE(tMUL + INDEX);
CALL ROUND$STORE;

IND MULT$DIV;

CHEC[$SUBSCEIPT: PROC;
DCL (TEMP,TIMPSADDR) ADDRESS;
CUR$STM = VALUE0r'P);
IF GET$TTPE < MULT$OCCURS THEN

DO;
CALL PRIMTERRORC(IS');

EN;RETURN;
I ND;C$I TE
Do;MEI$ITTE
DEO; DR=GE$EDES
I(TEMPDD GET$AERE$CS) >0TE

ICUR$STM - TEMP;
CALL SET$VALUE2

(TEMP$ADDR + (GET$LENGTH * (CONVERT$INTEGYR - 1)));
RETURN;

END;
CALL ONE$ADDRWPP( SCR,GET$ADDRESS);
IF (TEMP :- GET$PREV$OCCURS) 0> 0 THEN

CUR$SM - TEMP;
CALL CODE$ADDRESS (GET $LENGTH);
CUR$SYM - MATCH;
IF ((CTR := GET$TYPE) < NUMERIC) OR (CTR > COMP) TREN

CALL PRINTERROR( TE);
CALL C ODE$ADDRESS (GET $ADDRESS);
CALL CODE$DTE(GET$ENGTH);
CALL CODE$BYTI(SUB$CNT);
CALL SET$VALUZ2(SrUh$IND);

IND COECK$SUBSCRIPT;

LOAD$LAEEL: PROC;
CUR$SYM - VALUE(MP);
IF (ASCTR :- GETSADDRESS) 0> 0 TEEN

CALL BACK$STUFF(A$CTR,VkLUE2(MP));
CALL SET$ADDRISS(VALUZ2(MP));
IF GET$TYPE 0> UNRESOLVED THEN

CALL PRINT$IRROR( 'DD');
CALL SET$TTPI(LAPEL$TYPI);
IF (A$CTR :n GET$YCB$ADrR) 0> 0 TEEN

CALL IAC$STUF1'(A$Clt,NEXT$AVAILA3LE);
SYMBOL$ADDR(FCI$ADDR) - NEMTAILLILE;
CALL ONE$ADDR$OPP(RET,O);

IND LOkD$LADTL;

LOAD$SECLAPIL: PROC;
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A$CTR -VALUI(MP);
CALL SET$VALUE(FOLDSSECTION);
HOLD4SCTION - A$CTR;
A$CTI - VALU12(MP);
CALL SET$VALU12(BOLDSSEC$ADDR);
HOLDtSIC$ADDR - k$CTR;
CALL LOADSLABEL;

END LOAD$SPC$LABEL;

LA3?L$ADDP$OFFSET: PROC (ADDR, HOLD, OFFSET) ADDRESS;
DCL ADD! ADDRESS;
DCL (ffOLD, OFFSET, CTR) BYTE;
CUR$SYM ADDR;
IP(CTR :-GET$TYPE) = LABEL$TYPE THEN

DO;
IF HOLD THEN RETURN GET$ADDRESS;

EN;RETURN GET$FCB$ADDR;

IF CT! 0> UNRESOLVED THEN CALL INVALID$TTPE;
IF HOLD TEEN

DO;
k$CTR = GET$ADDRESS;
CALL SETADDRESS(NEXTAVAILABLE + OFFSET);
RETURN A$CTR;

END;
A$CTR = GET$FCB$ADDR;
STMBOL$ADDR(FCB$ADDR) - NEXT$AVAILABLE +OFFSET;
RETURN AOCTR;

END LABEL$ADDR$OFFSET;

LABEL$ADDR: PROC (ADDR, SOLD) ADDRESS;
DCL ADD! ADDRESS,

HOLD BYTE;
RETURN LAIEL$ADDPOFFSET (ADDR, HOLD, 1);

END LABEL$ADDR;

CODE$TORSDISPLAY: PROC (POINT);
DCL POINT BYTE;
CALL LOAD$LSID(POINT);
CALL ONE$ADDR$OPP (DIS ,L$ADDR);
CALL CODEBYTI(L$ENGTH);
IF DrsPLAY$FrLAG TEEN CALL CODE$BTE(1);
ELSE CALL CODMPYTE(S;
DISPLAY$VLAG - FALSE;

END CODEFOR$DSPLAY;IA$AN$TYPE: PROC BYTE;
RETURN (L$TYPE >- ALPHA) AND (L$TYP! <- LIT$QUOTE);

END A$ANTPE;

NOTINTICER: PROC BYTE;

252



RETURN LWDC 0> 0;
FND NOT$IGER;

NUMERIC$TYPE: PROC BYTE;
RETURN ((L$TTPE >- NUMERIC$ITERAL) AND (L$TYPE <= COMP))

OR (L$TTPE-LIT$ZERO);
END NUMERIC$TYPE;

GEN$COMPARE: PROC;
DCL (H$TYPE,H$DEC) 3YTE,(H$ADDR,FSLERGTH) ADDRESS;
CALL LoAD$L$ID(MP);
LSTYPE - £ND$OUT$OCCURS(L$TTPE);
IF COND$TTPI - 3 THEN /* COMPARE FOR NUMERIC ~

Do;
IT L$TYPE - ALPHA OR (LTYPE > COMP) THEN

CALL INVALID$TYPE;
CALL SET$VALUE2(NEXTSAVAILABLE);
IF L$TYPF - NUMERIC THEN CALL CODEMBTECMVI;
ELSE CALL CODE$BTTE(CNS);
CALL CODESADDRESS(L$ADER);
CALL CODE$ADDRESS(L$LENGTR);
CALL SET$BRANCH;

ELSE 1T COND$TTPE - 4 THEN
DO;

IF NUMERIC$TTPl THEN CALL INTALID$TTPE;
CALL SETMALUE2(NEMrAVAILABLE);
CALL CODT$3TTE(CAL);
CALL CODE$ADVRESS(LSADDR);
CALL CODE$ADDRESS(L$LENGTH);
CALL SET$BRANCH;

END;
ELSE DO;

IT NUMERIC$TYPE THEN CTR=l;
ELSE CTR -=0
R$TYPE = L$TTPE;
R$DIC - L$DFC;
R$A.DDR = LSADDR;
H$LNGTH - L$LENGTH;
CALL LOAD$L$ID(SP);
IF NUMIRICSTTPE THEN CTR - CTR + 1;
17 CT! - 2 TEEN /* NUMERIC COMPARE *

DO;
CALL LOADsREG(0,MP);
CALL SETMALUE(NT$AVAILABLE -6);

CALL LOAD$REG(l.SP);
CALL CODE$RTESUD);
CALL CODE$IYTZ(RGT + COND$TTPE);
CALL SET$BPANCH;

END;
ELSE DO;
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/* ALPHA NUMEPl- COMPARE *
IF (E$TYPE aCOMP) OR (L$TYPT COMP) THEN

CALL INVALID$TYPE;
ELSE IF (E$LlNGTi (0 L$LENGTR) TEEN

IF NOT ((L$TYPI >- LIT$SPhCE) AND
(L$TYPE <- LIT$ZERO)) ZOR

((IsTTPE >- LIT$SPACE) AND
(H$TYPE <= LIT$ZERO)) THEN

CALL INVALID$TTPE;
ELSE IF (LSEC 0> 0) OR (H$DEC 0> 0) TEEN

IF NOT ((LTYPE - NUM$ED) ZOR
(H$TYPE = NUMSED)) TEEN

CALL INVALID$TYPE;
CALL STT$VALU12(NEXT$AVAILA3LE);
CALL CoDISBYTE(SGT.CONDSTYPE);

$ CALL CODEADDRESS(H$ADDR);
CALL CODr$ADDRESS (L$ADDR);
CALL ccDEADDRESS(HLENGTH);
CALL SET$BRANCH;

END;
END;

END GTN$COMPARE;

MOVESTPT: PROC BYTE;
DCL
EOLD$TYPE BYTE,
ALPEA$NUM$MOVE LIT '0',
A$N$ED$MOVE LIT '1',
NUMRIC$MOVI LIT '2,,
N$ED$MOTE LIT '3 ;
L$TYPE - ANt.$OUTSOCCURS(L$TYPE);
IF((HOLD$TTPl :- AND$OUT$OCCURS(GFT$TYPE)) =GROU'P) OR

(L$TYPE -GROUP)
TEEN RETURN ALPRA$NUM$MOVE;

IT HOLDSTTPT - ALPHA THEN
IF A$AN$TYPE OR (L$TTP'E - AtED) OR (LtTTPr AWIED)

OR ((ALPEA$LIT$FLAC) AND
(L$TYPE - NON$NUMERIC$LIT))
TEEN RETURN ALPRA$NtUM$MOVEs

IF HOLD$TYPEuALPEA$NUM THEN
DO;

IT NOTINTEGER AND (L$TYPE 0> NUM$ZD) TEEN
CALL INVALID$TYPE;

RETURN ALPHA$NUM$MOvE;
END;

17 (HOLD$TYPE >- NUMERIC) AND (HOLD$TTPE <- COMP) TFEN
DO;

17 (LTYPI a ALPHA) OR (L$TTPE > COMP) THEN
CALL INVALID$TTPE;

RETURN NUTWERIC$MO!E;
END;
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IF ffOLD$TYPE -A$N$ED THEN
DO;

IF NOT$INTEGER AND (L$TYPE 0> NUM$ED) THEN
CALL INVLLID$TYPE;

RETURN AtN$ED$MOVE;
END;

IF HOLDSTTE - A$ED THEN
IF A$AN$TYPE OR (LSTYPE > COMP) OR

(L$TYPE = NON$IIUMERIC$LIT)
TREN RETURN A$N$ED$MOVE;

IF HOLD$TTPE - NUMSED TEEN
IF NUMERIC$TYPE OR (L$TYPE ALPEA$NUM) THEN

RETURN N$ED$Movz;
CALL INVALID$TYPE;
RETURN 0;

END MOVE$TYPE;

0 EN $MO VE :PROC ;
DCL (ADDR1,EXTRA,LEN'GTH1) ADDRESS;

ADD$ADD$ LEN: PROC;
CALL CODE*ADrREss (ADDR1);
CALL CODE$ADDRESS(L$ADDR);
CALL CODE$ADDRESS (L$LENGTE);

END ADD$ADD$LEN;

CODE$FOR$EDIT: PROC;
CALL ADD$ADD$LEN;
CALL CODE$ADDRESS(GEW$CMADDR);
CALL CODE$ADDRESS(LEXRrTH1);

END CODEFOR$EDIT;

CALL LOAD$L$ID(MPPl);
CURs STM=VALUE(SP )
17 (ADDR1 := VALU12(SP)) = 0 THEN &DDR1 =GET$ADDRESS;
LENGTH1 - GET$LENGTH;
DO CASE V.OVE$TYPE;

/* ALPHA NUMERIC MOVE *
DO;

IF LENGTE1 > L$LENGTH TEEN
EXTRA - LENGTH1 - L$LENGTE;

ELSE DO;
EXTRA =-0
L$LENG.T9 = LENGTHi;

END;
CALL CODE$BYTE(MOV);
CALL ADD$ADD$LEN;
CALL CODEADDRESS (EXTRA);

END;
/* ALPHA NUMERIC EDITED *
DO;
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CALL CODE$EYTE(MED);

EN;CALL CODMFORMEIT;

/* NUMERIC MOVE *
DO;

CALL LOAD$REG(2,MPPl); f
CALL STORE$REG(SP);

END;
/* NUMERIC EDITED MOVE ~
DO;

CALL CODE$BYTE(MNE);
CALL CODE$FOR$EDIT;
CALL CODZ$EYTE(L$DEC);
CALL CODE$BYTE(GET$DFCIMAL);

END; ED

END GEN$MOVE;

CODE$GEN: PROC(PRODUCTION);
DCL PRODUCTION BYTE;
IF PRINT$PROD TEEN

DO;
CALL CRLF;
CALL PRINTCHAR(POUND);
CALL PRINT$NUMBER( PRODUCTION);

END;
DO CASE PRODUCTION;

/* P ROD UC TIO N S*
/* CASE 0 NOT USED *

I' 1 (P-DIV> ::= PROCEDURE DIVISION (USING>.
1I 1 PROC-BODY>
DO;

COMPILING - FALSE;
IF SECTION$FLAG THEN CALL LOAD$SEC$LABEL;

END;
2 (USING> ::- USING (ID-STRING>

IF VALUE(MP - 1) = 0 THEN
DO I a 0 TO IDSPTR;ICURSYM - ID$STACK(I);

CALL SET$ADDRESS(13 +. I);
END;

ELSE
DO;

CALL CODE$BYTE(PAR);
CALL CODE$ADDRESS(ID$PTR +1)
DO I - 0 TO ID$PTR;

CUR$SYM - ID$STACK(I);
CALL CODEADDRESS(GETADDRESS);

END;
END;

I'3 \1 <EMPTY>
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/* NO ACTION REQUIRED $
1*4 <ID-STRING> :=<ID>
ID$STACK(ID$PTR := 0) =VALUE(SP);
DO; 5 \! ID-STRING> <ID>

IF(ID$PTR := IDPTR + 1) = 20 TEEN
DO;

CALL PRINT$ERROR( 'ID');
ID$PTR=19;

END;[
ID$STACK(ID$PTR)=VALUE(SP);

END;
1*6 <PROC-BODY> ::= <PARAGRAPH>

/* NO ACTION REQUIRED */
pp 7 \1 (PROC-BODY> (PARAGRAPF>

/* NO ACTION REQUIRED */
8 (PARAGRAPH> ::= (ID> .*

/* NO ACTION REQUIRED */
1*9 \! (ID> < SENTENCE-LIST>

DO;
IF SECTION$FLAG = 0 THEN SECTION$FLAG =2;

CALL LOAD$LA~kEL;
END;

10 \I (ID> SECTION .*

DO;
IF SECTION$FLAG<>1 THEN

DO;
IF SECTION$FLAG = 2 THEN

CALL PRINT$ERROR( 'PFp);
SECTION$PLAG = 1;
HOLD$S3CTION = VALUE(MP);
HOLD$SEC$ADDR - VALUE2(MP);

END;
ELSE CALL LOAD$sEC$LABIL;

END;
11 (SENTENCE-LIST> ::= <SENTENCE> .*

CALL CHK$NXT$SENTENCE;
12 \! <SENTENCE-LIST>
12 (SENTENCE>

CALL CH[$NIT$SENTENCE;
13 (SENTENCE> ::= (IMPERATIVE>

I' NO ACTION REQUIRED
1*14 \! <CONDITIONAL>

1* NO ACTION REQUIRED *
15 \1 ENTER (ID> (OPT-ID> U

CALL PRINT$IRROR('NI');
16 <IMPERATIVE> ::- ACCEPT (SUBID> *

DO;
CALL LOAD$L$ID(SP);
CALL ONE$ADDR$OPP(ACC,L$ADDR);
CALL CODE$BTT(L$LENGTH);
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END;

/* NO ACTION REQUIRED */
1* 18 \! CALL <CALL-LIT> (USING>

DO;
CURSY!4 = VALUE(MPPl);
CALL CODE$BYTE(SBR);
DO I - 1 TO e;

IF I <- GET$P$LENGTH THEN
CALL BYTE$OUT(SYM3OL(START$NAM! + I)

ELSE CALL BYTE$OUT(20R);
END; [
CALL INC$COUNT(6);

END;
1* 19 \1 CLOSE <CLOSE-LST> *

DO;
DCL TYPE BYTE;
IF ((TYPE :=n GET$TTPE) > 0) AND (TYPE < 5) THEN

CALL ONE$ADDR$OPP( CLS ,GET$FCB$ADDR);
ELSE CALL PRINT$ERROR(VCE');

END;
19 \1 <FILE-ACT> *
/* NO ACTION REQUIRED */

21 \! DISPLAY <DISPLAY-LST> *
/* NO ACTION REQUIRED */

22 \! DISPLAY <DISPLAY-EST> WITH *
22 NO ADVANCING
/* NO ACTION REQUIRED-NdOT IMPLEMENTED

23 \t EXIT (PROGRAM-ID>
CALL CODE$DYTE(EXT);

1* 24 \1 GO (ID>
CALL ONEtADDR$OPP(DRN,LABEL$ArDR(VALUE(SP),l));

25 \t GO (ID-STRING> DEPENDING
1$ 25 <ID> W

DO;
CALL CODE$BYTE(GDP);
CALL CODE$3YTE(ID$PTR + 1);
CtTR$STM - VALUI(sP);
CALL CH[$UD$VAR(SP);
CALL CODE$BYTE(GET$LTNGTH);
CALL CODE$ADDRESS(GET$ADDRESS);
DO CTR - 0 TO IDSPTR;

CALL CODE$ADDRESS
(LA3EL$ADDR$OFFSET( ID$STACK(CTR) 91,0));

END;
LPND;*

1* 26 \! MOVE (LIT/ID> TO (SUBID>
CALL GEN$MOVE;

27 \1 OPEN <ACT-LST>
/* NO ACTION REQUIRED */

28 \1 PERFORM <ID> <TERU> <FINISH>*/
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DO;
DCL (ADDR2,ADDR3) ADDRESS;
IF VALUE(SP - 1) = 0 THEN

kDDR2 =LkBEL$ADDR$OF?SET(VALUE(MPP1) .0,3);
ELSE ADDR2 =LAPFL$ADDR$OFFSET(VALUE(SP-1),0.3);
IF (ADDR32 V ALUE2(SP)) = 0 TEEN

PDDP.3 =NTMAVAILABLF + 7;
T.LSE CALL BACKSTUFJ(VALUE(SP),N!XTtAVAILAPLE + 7);
CALL ONE$ADDR$OPP(PER,LABELSADDR(VALUE(MPP1) .l)):
CkLL CODE$ADDRESS (ADDR2);
CALL CODF$ADDRESS(ADDR3);

END;
29 \1 STOP (TERMINATE>

DO;
IF VALUE(SP) = 0 THEN CALL CODE$BYTE(STP);
TLSE IF (VALUE(SP) < LIT$SPACE) OR

(VALtTE(SP) > LITtZERO) THEN

D;CALL ONE$ADDR$OPP(STD,VALUE2(SP));
CALL CODE$BYTE(CON$LSNGTH);

END;
ELSE

DO;
CALL ONESADDR$OPP(STD,VALUE(SP));
CALL CODE$BYTE(l); J

END;
END;

30 (CLOSE-LST> ::= <ID>
/* NO ACTION REQUIRED *

31 \! (CLOSE-LST> <ID>
1* NO ACTION RE4UIRED-NOT IMPLEMENTED *

32 (DISPLAY-LST> ::= (LIT/ID>
CALL CODE$FOR$DISPLAY(SP);

33 \1 (DISPLAY-LST> <LIT/ID>
DO;

DISPLAY$FLAG = TRUE;
CkLL CODE$FOR$DISPLAY(SP);

END;
W4 (ACT-LST> ::= (TYPE-ACTION> (OPEN-LST> *

DO;
DCL TYPE BYTE;
TYPE = GET$TYPE;
II? (TYPE = 1 OR TYPE = 4) AND (VALU!(MP) (0 2) '.r!ERN

CALL ONEtADDR$OPP(OPN + VALUE0t"P),GETS1'C?$ADDR);
ELSE

IF (TYPE = 2 OR TYPE - 3) TEEN
CALL ONP$ADDR$OPP(OPN + VALUE(MP),GETtFC!$ADDR);

ELSE CALL PRINT$ERROR('OE');
END;

35 \! <ACT-LST> (TYPE-ACTION>
35 (OPEN-LST>
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/ NO ACTION REQUIRED-NOT IMPLEMENTED /
/5 36 <OPEN-LST> ::= <ID> 5/

/* NO ACTION REQUIRED */
/~5 3? \! <OPEN-LST> <ID> 5/

/* NO ACTION REQUIRED-NOT IMPLEMENTED /
/* 38 <FINISH> ::= <L/ID> TIMES

DO;
CALL LOAD$L$ID(MP);
CALL ONE$ADDR$OPP(LDI,L$ArDR);
CALL CODE$BYTE(L$LENGTH);
CALL SET$VALUE2(NEIT$AVAILABLE);
CALL CNE$ADDR$OPP(DEC,0);
CALL SET$VALU(N!XT$AVAILABL?);
CALL CODE$ADDRESS( 0);

END;
/5 39 \! <STOPCONrITION> 5/

CALL KEEP$VALUES;/* 40 \! <VARTING> <ITERATION>
1* 40 <STOPCONDITION>

CALL KEEPSVALUES;
/5 41 \! <EMPTY> 5/

/* NO ACTION REQUIRED */
/5 42 <STOPCONDITION> ::= UNTIL <CONDITION> 5/

CALL KEEP$VALUES;
/ 43 <VARYING> ::= VARYINg, <SUBID> 5/

CALL KEEP$VALUES;
/* 44 <ITERATION> ::= <FROM> <BY> 5/

/* NO ACTION REQUIRED 5/
/5D 45 <FROM> ::= FROM <L/ID> 5/

DO;
CALL LO&DSREG(2,SP);
CALL STORE$REG(MP- 1);

END;
46 (DT> ::= BY <L/ID> 5/

DO;
CALL LOAD$REG(O,MP - 2);
CALL LOAD$R!G(1,SP);
CALL CODE$PYTE(ADD);
CALL STORE$REG(MP - 2);

END;
/, 47 <CONDITIONAL> ::= <ARITHMETIC> <SIZE-ERRCR> */
/5 47 <IMPERATIVE> */

CALL BACK$COND;
/5 48 \! <FILE-ACT> <INVALID> 5/
/5 48 <IMPERATIVE> 5/

CALL BACK$COND;
/5 49 \1 <READ-ID> <SPECIAL> 5/
/* 49 <IMPERATIMVE> /

CALL BACK$COND;
/5 50 \! <IF-NON TERM IN AL>
/5 50 <CONDITION> <IF-LST> <ELSE>*/
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1* 59 (IF-LST> END-IF
DO;

CALL BACKSTUFrF(VALUE(MPP1),VALU Z2(SP - 3));
CALL BACKSTUF(VALUE(SP - 3),NEXT$AVAiLA3L?);

END;
51. \! <IP-NONTERMINAL>
51 <CONDITION> $

I' 51 <IP-LST> IND-IF
CALL BACKSTUFF(VALUE(MPPl) ,NEXT$AVAILAPLE);

52 <IT-LST> ::= (STMT-LST>
/* NO ACTION REQUIRED */

53 \1 NEXT SENTENCE is

D;CALL ONK$ADDR$OPP(BRN,41UT$ADDPESS);
NEXT$ADDRESS =NEXT$AVAILABLE - 2;

END;
I' 54 (ELSE> ::nELSE '

DO;
VALUE(SP - 1) - NEMTAVAILABLE + 1;
CALL ONE$ADDR$OPP(BRN,9);
VALU12(SP - 1) - NEXT$AVAILABLE;

END;
/5 55 (AITHMITIC> %: ADD (ADD-LST> TO <SUBID>
1* 55 <ROUND> 5

CALL ADD$SUB(O);
/556 \1 ADD <ADD-LST> GIVING <SUBID>*/
/556 <ROUND> 5

DO;
IT VALUE(MP) - 0 THEN CALL PRINT$ERRORV'IG');
CALL ROUND$STORE;

END;
/557 \! DIVIDE <L/ID> INTO <SUBID> 5
/557 <ROUND> 5

CALL MULT$DIV(1);
/558 \t DIVIDE <L/ID> BY (SUID> 5
/5 58 GIVING <SUBID> <ROUND>

CALL PRINT$ERROR( 'NI');
/559 \1 DIVIDE (L/ID> INTO <SLTBID> 5

/5 GIVING (SUBID <ROUND> 5
CALL PRINT$ERROR('NI');

/5 0 \i MULTIPLY (L/ID> BY (SU131D> 5
/560 <ROUND>

CALL MULT$DIV(0);
/561 \! MULTIPLY <L/ID> BY <SUFID> 5
/5 61 GIVING (SUBID> <ROUND> 5

CALL PRINT$ERROR('NI');
/5 62 \1 SUBTRACT <SUD-LST> FROM 5
/5 62 <SUBID> <ROUND>5

CALL ADDSUB(1);
/563 \t SUBTRACT (SUB-LST> GIVING 5
/563 (SUBID> (ROUND>
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DO;
IF VALUE(MP) - 0 THEN CALL PRINT$ERROR('IG');
CALL ROUXD$STORE;

END;
64 \! COMPUTE <SUBID> = <ARITH-EXP>*/

CALL PRINTSERROR('NI');
/* 65 <ADD-LST> ::= <L/ID*>

CALL LOAD$REG(O,SP);
/ O 66 \I <ADD-LST> <L/ID> */DO;

CALL LOAD$REG(1,SP);
CALL CODE$BTTE(ADD);
CALL CODESBYTE(STI);
VALUE(MP - 1) = 1;

END;
67 <SUB-LST> ::= <L/ID> */

CALL LOAD$REG(O,SP);
68 \1 <SUB-LST <L/ID> */

DO; CALL LOAD$REG(1,SP);

CALL CODE$BYTE(ADD);
CALL CODEBTTE(STI);
VALUE(MP - 1) = 1;

END;
69 <ARITH-EP> ::= <TERM>
/* NO ACTION REQUIRED-NOT IMPLEMENTED *f

/ TI7O \! <ARITH-EXP> + <TERM> /
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 71 \! <ARITH-EXP> - <TERM> */
/* NO ACTION REQUIRED-NOT IMPLEMENTED /

72 \! + <TERM>
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

73 \1 - <TERM>
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 74 <TERM> ::= <PRIMARY>
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

75 \1 <TERM> * <PRIMARY>
/* NO ACTION REQUIRED-NOT IMPLEMENTED '/

76 \! <TERM> / <PRIMARY>
/ NO ACTION REQUIRED-NOT IMPLEMENTED /

77 <PRIMARY> ::= <PRIM-ELEM> /
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

78 \1 <PRIMARY> ** <PRIM-ELTM>
/ NO ACTION REQUIRED-NOT IMPLEMENTED */

/5 79 <PRIM-ELEM> ::- <L/ID>
/* NO ACTION REQUIRED-NOT IMPLEMENTED 4/

/s 8o \1 ( <ARITH-FXP> ) 1/
/* NO ACTION REQUIRED-NOT IMPLEMENTED 5/

/5 81 <TILE-ACT> ::= DELETE <ID> /
CALL DELETE$A$FILE;

/5 82 \1 REWRITE <ID> */
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CALL REVRITZ$A$RECORD;
/' 83 \! WRITE <ID> <SPECIAL-ACT/

CALL WRITESA$RECORD;
84 <CONDITION> ::= <ETERM> *I

/ NO ACTION REQUIRED */
85 \! <CONDITION> OR <BTERM>
/' NO ACTION REQUIRED-NOT IMPLEMENTED '/

86 (ITERM> ::= <BPRIM> /
/* NO ACTION REQUIRED */

87 \I <ITERM> AND <BPIRM>
/* NO ACTION REQUIRED-NOT IMPLEMETED 4/

88 <BPRIM> ::= <LIT/ID>
/* NO ACTION REQUIRED IF/

89 \! <LIT/ID> <NOT> <COND-TYPE> V
DO;

IF IF$FLAG TEENDO; IF$FLAG = NOT IF$FLAG; /* RESET IF$FLAG */
CALL CODE$BYTE(NEG);

END;
CALL GEN$COMPARE;

END;
90 \! ( <BTERM>
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

91 <COND-TYPE> ::= NUMERIC */
COND$TYPE = 3;

92 \1 ALPEABETIC ,
COND$TYPE = 4;

93 \1 <COMPARE> <LIT/ID>
CALL KEEPSVALUES;

94 <NOT> ::= NOT
IF NOT IF$FLAG THEN

CALL CODE$BTTE(NEG);
ELSE IFSFLAG - NOT IF$FLA'; /* RESET IF$FLAG */

95 \! <EMPTY>
/* NO ACTION REQUIRED */

96 <COMPARE> ::= GREATER /
COND$TYPE - 0;

97 \I LESS
COND$TYPE = 1;

98 \f EQUAL /
CONDSTTPE = 2;

99 \1> 1
CONDSTYPE = 0;

* 100 \I < *I
COND$TTPE = 1;

/5, 101 \- S/
COND$TYPE - 2;

/I' 102 <ROUND> ::- ROUNDED t
CALL SET$VALUE(1);

/* 103 \! <EMPTY> 5/
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/ NO ACTION REQUIRED */
104 <TERMINATE> ::= <LITERAL> '/
/* NO ACTION REQUIRED */

/* le5 \1 RUN
/* NO ACTION REQUIRED - VALUE(SP) ALREADY ZERO w/

/* 106 <SPECIAL> ::= <INVALID>
/* NO ACTION REQUIRED '/

107 \! END /
DO;

CALL SET$VALUE(2);
CALL CODE$PYTE(EOR);
CALL SET$BRANCH;

END;
108 <OPT-ID> ::- <SUBID> /
/* VALUE AND VALUE2 ALREADY SET */

109 \I<EMPTY'- */
/* VALUE ALREADY ZERO */

/$ 110 <STMT-LST> ::= <IMPERATIVE> */
/* NO ACTION REQUIRED */

/* ill \! <STMT-LST> <IMPERATIVE>
/* NO ACTION REQUIRED */

112 \! <CONDITIONAL* >/
/* NO ACTION REQUIRED */

113 \1 <STMT-LST> <CONDITIONAL>
/* NO ACTION REQUIRED */

/* 114 <TIIRU> ::= THRU <ID>
CALL KEEPSVALUES;

1* 115 \! <EMPTY> /
/* NO ACTION REQUIRED '/

/* 116 <INVALID> ::- INVALI/
DO;

CALL SET$VALUE(1);
CALL CODE$BYTE(INV);
CALL SET$BRANCH;END;

/$ 117 <SIZE-ERROR> ::= SIZE ERROR
DO;

CALL CODE$PYTE(SER);
CALL UNRES$BRANCH;

END;
118 <SPECIAL-ACT> ::- <WHEN> ADVANCING <HOW-MANY> */

CALL KEEP$VALUES; /* CARRAGE CONTROL */
/' 119 \1 <EMPTY>

/* NO ACTION REQUIRED */
120 <WHEN> ::a PhEORE

VRITE$IEPORE - TRUE; /* CARRAGE CONTROL /
121 \t AFTER

VRITE$AFTER - TRUE; /* CARRAGE CONTROL */
122 <HOW-MANY> ::- <INTEGER>
/* NO ACTION REQUIRED */

/$ 123 \1 PAGE
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CALL STT$VALUE(101); /* CARRAGE CONTROL */
124 <TYPE-ACTION> ::- INPUT
/* NO ACTION REQUIRED - VALUE(SP) ALREADY ZERO '/

125 \1 OUTPUT
CALL SET$VALUE(1);

126 \! 1-0
CALL SZT$VALUE(2);

127 <SUBID> ::- <SUBSCRIPT>
/' VALUE AND VALUE2 ALREADY SET */

128 \1 <ID>
CALL CH[$UD$VAR(SP);

129 <INTEGER> ::- <INPUT>
CALL SET$VALUE(CONVERT$INTEGER);

/* 130 (ID> ::- <INPUT>
DO;

CALL SET$VALUE(MATCH);
I GET$TTPE - UNRESOLVED THEN

CALL SET$VALUE2(NEXT$AVAILABLE);
END;

131 <L/ID> ::= <INPUT> */
DO;

IF NUMERIC$LIT THEN
DO;

CALL SET$VALUE(NUMERIC$LITERAL);
CALL SET$VkLUE2(STORE$CONSTANT);

END;
ELSE

DO;
CALL SET$VALUE(MATCH);
CALL CHX$UD$VAR(MP);

END;
END;

132 \! <SUBSCRIPT>
/* NO ACTION REQUIRED */

133 \! ZERO
CALL SET$VALUE(LITSZERO);

134 <SUBSCRIPT> ::- <ID> ( <SUBSCRIPT-LST> ) 'I
CALL CH!CK$SUBSCRIPT;

135 <SUBSCRIPT-LST> ::= <INPUT'>
/I' NO ACTION REQUIRED */

/$ 136 \t <SUPSCRIPT-LST> , <INPUT> '/
CALL PRINT$ERROR('NI');

137 <CALL-LIT> ::- <LIT>
CALL SETSVALUE(rATCH);

138 <NN-LIT> ::= <LIT> */
DO;

ALPHA$LIT$FLAG - ALPRA$LIT;
CALL SET$VALUE(NON$NUMERIC$LIT);
CALL S!T$VALUE2(STOPE$CONSTANT);

END;
139 \t SPACE
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CALL SET$VALUE(LIT$SPACE);
140 \! QUOTE

CALL STT$VhLUR(LIT$QUOTE);
141 (LITERAL> ::- (NN-LIT>V
/* NO ACTION REQUIRED V/
142 \1 <INPUT>*1 D; 1I NOT NUMEPIC$LIT THEN CALL INVALID$TYPE;
CALL SET$ALUE(NUMERIC$ITERAL);
CALL SIT$VALUE2( STORE$CONSTANT);

END;
1*143 \1 ZERO

CALL SETS VALrJE(LIT$ZERO);
I' 144 <LIT/ID> ::= <L/ID> ~

/* NO ACTION RVQUIRED */
145 \1 <NM-LIT> '
/* NO ACTION REQUIRED */

146 <PROGRAM-ID> ::= <IL>
CALL CODE$YTI(EXT);

14? \t <EMPTY>
/* NO ACTION REQUIRED *

I' 148 <RAD-ID> ::= RIAD <ID>
CALL READOA$FLE;

149 <IF-NONTERMINAL> ::= IF
IV$FLAG - TRUE; P0 SET IF$FLAG *
END; /* END OF CASE STATEMENT *

*END COLE$GEN;

GETINI: PROC ADDRESS;
RETURN INDEll(STATE);

END GETIN1;

G!TIN2: PROC BYTE;
RETURN INDEX2(STATE);

END GITIN2;

ItICSP% PROC;
VALUE(SP :- S? + 1),VALUE2(SP) =0; /* CLEAR TS? STACK *
IT SP >- PSTACKSIZE THEN CALL FATAL$ERROR('so0);

IND INCSP~j

LOOKAREAD: PROC;
IF NOLOOK THEN

DO;
CALL SCANNER;
NOLOOK a FALSE;
IF PRINT$TOKEN THEN

DO;
CALL CRLF;
CALL PRINT$NUMBER(TOKEN);
CALL PRINT$CHAR(' )

266



CALL PRINT$ACCUM;

END;
END LOOKAHEAD;

NO$CONFLrCT: PROC (CSTATE) BYTE;DCL (CSTATE,I,J,K) ADDRESS;

J - INDEl(CSTATE);
K = J + INDEX2(CSTATE) -1;

DO I - J TO K;
IF READ1(I) = TOKEN THEN RETURN TRUE;

END;
RETURN FALSE;
END NO$CONFLICT;

RECOVER: PROC BYTE;
DCL TSP BYTE, RSTATE ADDRESS;
DO FOREVER;

TSP - SP;
DO WHILE TSP <> 255;

IF NO$CONFLICT(RSTATE := STATESTACK(TSP)) TFIN
DO; /* STATE WILL READ TOKEN */

IF SP <> TSP TEN SP - TSP - 1;
RETURN RSTATE;

END;
TSP a TSP - 1;

END;
CALL SCANNER; /* TRY ANOTHER TOKEN '/

END;
END RECOVER;

/* * * * * PROGRAM EXECUTION STARTS HERE ' ' /

/* INITIALIZATION */
TOKEN - 8; /* PRIME THE SCANNER WITH -PROCErURE- /
CALL MO!!(PASS1$TOP - PASS1$LEN,.DEBUGGING,PASSl.LEN);
LIST$IND = .LIST$BUFF + 12?;
LIST$PTR - .LIST$BUFP + LIST$PTR;
OUTPUT$END - .OUTYUT$BUFF + 127;
OUTPUT$PTR = .OUTPUT$BUFF + OUTPUTSPTR;
CALL PRINT$ERROR(FALSE); /* INITIALIZE ERROR MSG CUTPUT v/

/* * * * * * * PARSER * * * , * *1

DO VHILE COMPILING;
17 STATE <- MAIRNO THEN /* READ STATE ',*/

DO;
CALL INCSP;
STATESTACK(SP) - STATE; /0 SAVE CURRENT STATE */
CALL LOOK) HEAD;
I - GETINI;
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I

J = I + GETIN2 - 1;
DO I - I TO J;

1i READ(I) = TOKEN THENDO; IF (TOKEN = INPUT$STR) OR
(TOKEN = LITERAL) THEN
DO K = 0 TO ACCUM(e);

VARC(K) = ACCUM();
END;

STATE = READ2(I);
NOLOOK TRUE;
I =J;

END;
ELSE IF I = J THENrO;

CALL PRINT$ERROR('NP');
CALL PRINT(.( ERROR NEAR $'))
CALL PRINT$ACCUM;
IF (STATE :- RECOVER) = 0 TEEN

COMPILING = FALSE;
END; /* END OF IF I = J */

END; /* END OF I = I TO J */
END; / END OF READ STATE */

ELSE IF STATE > MAXPhO THEN /* APPLY PRODUCTION STATE */
DO;

MP = SP - GETIN2;
MPP1 = MP + 1;
CALL CODE$GEN(STATE - MAXPNO);
SP =MP;
I = GETINi;
J - STATESTACK(SP);
DO WHILE (K APPLY1(I)) <0 3 AND J > K;

I - I 1;
END;
IF (K := APPLY2(I)) = 0 THEN COMPIL!NG - FALSE;
STATE = K;

END;
ELSE IF STATE <- MAILNO THEN /MLOOKAHEAD STATE*/

DO;
I - GETIN1;
CALL LOOKAHEAD;
DO WHILE (K LOOK1(I)) <> 0 AND TOKEN 0 K;

I a I +I;
END;
STATE a LOOK2(I);

END;
ELSE DO; /*PUSR STATES*/

CALL INCSP;
STATESTACK(SP) - GETIN2;
STATE - GETINi;

END;
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END; /* OF WHILE COMPILING *

CALL CODE$YTE( TER);
CALL ADDR$OUT(MAX$INT$MEM);
IF NOT NO$CODE THEN

DO;
CALL vnITZ$OUTPUT(.OUTPUT$BUFF,.OUTPUT$FCB);
CALL CLOSE( .OUTPUT$FCB);H

END;
CALL CHECT$UNRESOLVED;
CALL CRLF;
CALL DCPLF;
DO I - 0 TO 4;

CALL PRINT$CRAR(ERROR$CTR( I));
CALL VRITE$TO$DISK(ERROR$CTR( I));

END;
CALL PRINT(.(' PROGRAM ERROR(S)'))
DO WHILE LIST$PTR < LIST$END;

CALL WRITE$TO$DISK(' 1
M;
CALL VRITE$TO$DISK(' )
CALL CLOSE(.LIST$FCB);
CALL BOOT;
END;
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COMPUTER LISTING FOR MODULE CINTERP NPS MICRO-COBOL

$ TITLE('NPS MIRCO-COBOL COMPILER INTERP') PAGEWIDTF(80)
PAGILTNGTH(6e)

INTERP: DO;

COBOL COMPILER-INTERPRETER /

/" NORMALLY LOCATED AT 103H

GLOBAL DECLARATIONS AND LITERALS /1

DECLARE DCL LITEPALLT 'DECLARE',
LIT LITERALLY 'LITERALLY';

DCL CR LIT '13',
FALSE LIT aJ.,
FOREVER LIT 'WHILE TRUE',
LiF LIT '10', 
PROC LIT 'PROCEDURE',
SER LIT '12', /* CODE FOR SIZE ERROR */
TAB LIT '09H,
TRUE LIT '-1,
ZONE LIT "80f';

/* UTILITT VARIABLES */

DCL A$CTR ADDRESS,
BASE ADDRESS,
ROOTER ADDPESS INITIAL (0000H),
B3ADDR BASED BASE (1) ADDRSS,
B$PTTE BASED BASE (1) PTTE,
CALL$BASE ADDRESS,
CALL$PTR BASED CALL$BASE (1) ADDRESS,
CALL$TOP ADDRESS,
CTR STTE,
CTR1 BYTE,
ERROR$CTR(5) BTTE INITIAL (' 0'),
HOLD ADDRESS,
FSADDR BASED HOLD (1) ADDRESS,
H$BTTE BASED HOLD (1) BTTE,
gI$FREE$MEM ADDRESS,
LOW$FREE$MEM ADDRESS,
ffI$OFFSET ADDRESS INITIAL (0',
LOW$OT'lSET ADDRESS INITIAL (0),
INDEX BYTE,
RTN$3ASE ADDRESS,
RTN$PTR BASED RTN$BASE (1) ADDRESS,

/I CODE POINTERS */
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CODE$START ADDRESS INITIAL(3500H),
PPO"RAM$COUN TEP ADDRESS,
C$ADDR BASED PROGRAM$COUNTER (1) ADDEESS.
C$BTE BASED PROGRAM$COUNTER(1) BYTE,

IMAI$MEMORY ADDPESS INITIAL(031008);

** ** GLOBAL INPUT AND OUTPUT ROUTINES *****

C URRENT$FCB ADDRESS,
START$OFFSET LIT '3'?'

MONi: PROC (7,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON1;

MON?: PROC (FA) BYTE EXTERNAL;
DCL V BYTE, A ADDRESS;

END MON2;

PRINT$CHAR: PROC (CHAR);
DCL CHAR BYTE;
CALL MONi (2,CHAR);

END PRINT$CEAR;

CRLF: PROC;
CALL PRIMTCEAR(CR);
CALL PRINT$CEAR(LF);

END CRLF;

PRINT: PROC (A);
DCL A ADDRESS;
CALL CRLF;
CALL MON1(9,A);

END PRINT;

READ: PROC (A);
DCL A ADDRESS;
CALL MON1(10,A);

IND READ;

PRINT$ERROR: PROC (CODE);
DCL CODE ADDRESS, I BYTE, TEN LIT '39R-;
CALL CRLF;
CALL PRINTSCEAR(HIGE(CODE));
CALL PRINT$CEAR(LOW(CODE));
I - 4;
DO WHILE (IRROR$TIR(I) :- IRRORSCTR(I) *1) =TYN;

ERROR$CTR(I) 0..
IF 1 > 0 THEN
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IF ERROP$CTR(I :- I - 1) =''THEN

END; IRROR$CTR(I1) = 1 0 0;

END PRINTERROR;

FATAL$ERROR: PROC (CODE);
DCL CODE ADDRESS;
CALL PRINTSERROR(CODE);
CALL MON1(9,.(- FATAL ERROR$-));
CALL BooTER;

END FATALSERROR;

SET$DMA: PROC;
CALL MONi (26, CURRZNT$PCB + START$OFFSET);

END SET$DMA;

OPEN: PROC (ADDR) BYTE;
DCL ADDE ADDRESS, RET BYTE;
CALL MONi (26,80H);
RET = MON2(15,ADDR);
CALL SET$MA; /* RESET BUFFER *
RETURN RET;

END OPEN;

CLOSE: PROC (ADDR); {
DCL ADDR ADDRESS;
CALL MONi (26,80H);
IT MON2(16,&DDR) - 255 TEEN CALL ?A'rALtIRROD('CL');
CALL SET$DMA; /* RESET BUFFER *

END CLOSE;

DELETE: PROC;
CALL MON1(19,CURRENT$FCB);

END DELETE;

MAKE: PROC (ADDR);
DCL ADDR ADDRESS;
IF MON2(22,ADDR) = 255 THEN CALL !ATAL$ERROR('ME');

END MAKF;

DISK$RAD: PROC BYTE;
RETURN MON2(20 ,CURRENT$FC3);

END Dism~EAD;

DISK$VRITE: PROC BYTE;
RETURN MON2 (21 ,CURRENT$ PCI);

END DISK$WRIT!;

** **** UTILITY PROCEDURES 3P *****

DCL
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SUBSCRIPT (a) ADDRESS;

RES: PROC(ADDR) ADDRESS;
/* THIS PROC RESOLVES THE ADDRESS OF A SUBSCRIPTED
IDENTIFIER OR A LITERAL CONSTANT *
DCL ADDR. ADDRESS,

I BYTE;
IF ADDR > 32 TEEN

IF ADDR. > HISFREMEM TFEN RETURN ADDE - EMMFEET;
ELSE RETURN ADDE + LOWOFFSET;

IF ADDR < 8 THEN RETURN SUBSCRIPT(ADDR);
IF ADDR > 12 THEN RETURN CALI.$PTR(ADDR - 12);
DO CASE ADDR -10

RETUR4 .')1;
RETURN .(2'7H);
RETURN .('0');

END;
RETURN 0;

END RES;

MOVE: PROC(FROM,DESTINATION,COUNT);
DCL (FROM,DESTINATIONCOUNT) ADDRESS.

(F BASED FROM, D BASED DESTINATION) BYTE;
DO WHILE (COUNT := COUNT - 1) 0 GFFEFE;

D F;To
FROM - FROM + 1;
DESTINATION = DESTINATION + 1;

END;
END MOVE;

FILL: PROC(DESTINATION,COUNT,CHAR);
DCL (DESTINATION,COUNT) ADDRESS,

(CBAR.D BASED DESTINATION) BYTE;
DO WHILE (COUNT :=COUNT - 1) 0 OEFFHE;

D = CHAR;
DESTINATION =DESTINATION + 1;

END;
END FILL;

FILLER: PROC BYTE;
IF C$ADDR(l) - ORE THEN RETURN 27H;
ELSE IT C$ADDR~1) = OCR THEN RETURN '0';
ELSE RETURN

END FILLER;

CONVERTSTO$HEX: PROC(POrNTER.COUNT) ADD~rSS;
DCL POINTER ADDRESS, (COUNT,CEAR.CTR) BYTE;
A$CT? 0;
BASE aPOINTER;
DO CTR - 0 TO COUNT - 1

17 ((CRAB : B$BYTE(CTR)) = -)OR
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((CqAR - ZONE >= '0') AND[
(CHAR - ZONE <= '9'*)) TEN RETURN ASCTR e

IF CFAR - . THEN RETURN A$CTR V
IF CPAR 0>'. TEEN

Ai$CTR = SEL(A$CTR,3) + SHL(A$CTR.1)
(CHAP - 0;

END;
RETURN ASCTR;

END CONVIRTsTO$EEI;

** ** CODE CONTROL PROCEDURES 3* * 4 * ***

DCL BRANCH$FLAG BYTE INITIAL(FALSE);

INC$PTR: PROC (COUNT);
DCL COUNT BYTE;
PROGFAM$COUNTER =PROGPAM$COUNTER + COUNT;

END INCi$PTR;

GITSOP$CODE: PROC BYTE;
CTR = C$BYTE(0);
CALL INCi$PTR(l);
RETURN CTR;

END GET$OP$CODE;

COND$BRANCH: PROC(COUNT);
/* THIS PROC CONTROLS BRANCHING INSTRUCTIONS *
DCL COUNT BYTE;
IF BRANCH$FAG THEN

DO;
BRANCHMFAG = FALSE;
PROGRAW~OUNTER = C$ADDR(COUNT);

END;
ELSE CALL INC$PTR(SEL(COUNT,1) + 2);

IND CONDOBRANCH;

INMRORMIANCE: PROC (MARK);
DCL MAPK BYTE;
IF MARK TME CALL INC$PTR(2);
ELSE PROGRAM$OL'NTER = C$ADDR(0);

IND INCR$OR$BRANCE;

* * * ** * * *COMPARISONS* * ***

CRAR$OMPARE: PROC BYTE;
DCL AS$ADDR ADDRESS;
Ai$ADDR = FILLER;
IF CSADDR(l) > 09E AND C$ADDR(l) < ODE TEEN

DO ASCTR - 0 TO C$ADDR(2) - 1;
IF 3$BYT?(AtCTR) > A$ADDR TFEN RETURN 1;
TY B$BT(ASCTR) < A$ADDR TEEN RETURN 0;
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A3END;, ELSE
i DO A$CTR 0 TO C$ArDR(2) -1

IT B$BYTE(A$CTR) > ESBYTTE(SCTR) TEEN RETURN 1;Jl
IF BSBYTE(A$CTR) < HtTF(AtCTR) THEN RETURN 0; T

END;

RETURN 2;END CRARtCOMPARE ;

NUMERIC: PROC(CHAR) PYTTE;

DCL CHAR BITF;
RETURN (CHAR >= '3') AND (CHAR <= "9");

END NUMERIC;

LETTER: PROC(CHAR) BYTE;
DCL CHAR TES;RETURN (CHAR >= 'A') AND (CHAR <-- 'Z');

END LETTER;

SIGN: PROC(C.TR) BYTE;
DCL CHAR BYTE;
RETURN (C.A R T (LNT OR (CHAR - )-

END SIGN;

CIFK$SNUM: PROC(BASE) BYTE;
DCL BASE ADDRESS,

BIBTTE BASED BASE (1) BYTE,
(I,LENCTT) BYTE;

DO I - 1 TO (LENGTH := CSADDR(2) - ) - 1;
ES NOT NUMERIC(BYTE1) TEN RETURN FALS;END;

IF NU.ERIC($BYTE(LENT-T)) THEN
RETURN ALSE;

CALL MOVE(BASE,.ROLENGTH . 1);
ID NTEPIC(BOBYTE(O) - ZONE) AND

NUHDRIC(B$YT(LENGT)) THEN
ReC() = W$ e) - ZONE

ELSE IF NUMERIC(B$BTE(O)) ANDNUM.ERIC(MBYTE(LENGTH) - ZONE) THEN
RO(LENGTH) - RO(LENGTH) - ZONE;

ELSE RETURN FALSE;
RETURN TRUE;

END CEK$S$NUM;

STRING$COMPARE: PROC(PIVOT);
DCL PIVOT BYTE;
HOLD a. ReS (C ADDR (1) );
11F CRT$SSNUIA(BASP :- PES(OSADDR(O)) TEEN BASF .R@;
ELSE IF CRK$S$NUM(HOLD) THqEN FOLD = Ro;
IF CHAR$COMPARE = PIVOT THEN

BRANCE$FLAG - NOT BRANCEsFLAG;
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CALL COND$ARANCH(3);
END STRING$COMPARE;

COMP$NUM$'NS IGNED: PROC;
BASE = RFS(CtADDF(3));
DO ASCTR a 0 TO c$ArDR(l) 1;

IF NOT HUMFRIC(B$BYTE(A$CTP)) THEN
&$CTR = CtADDR(l) + 1.;

ENDr;
IF A$CTR - C$ADDR(l) TETN BRANCH$ELAG =NOT PRANCB$FLAC;
CALL COND$BRANCR(2);

END COMP$NUM$UNSIGhEt;

COMP$NUM$S IGN: PROC;
DCL. (CRA.R,SIGN$FLAG) BTTE;
SIGN$FLAC = FALSE;
3ASE = RES(C$ADDR(O));
DO AtCTR = 0 TO CtADDR(l) - 1;

IF NOT NUMERIC(CHAR := B$BYTE(A$CTR)) THEN
IF (ACTE = 0) OR (k$cTP = C$ADDR(1) - 1) THEN

IF (SIGN(CHAR) OR NtMERIC(CFAR-ZONF)) ANTI
NOT SIGNSELAG THEN
SIGN$FLAG = T~RUE;

ELSE A$CTR = C$ADDR(l) + 1;
ELSE A$CTR = C$ALDR(l) + 1;

END;
IF A$CTPv = C$ADDP(l) THEN BRANCH$FAC NOT' BPANCHMFAG;
CALL CONDSBRANCH(2);

END COMP$NUMSSIGN;

COMPtALPHA : PROC;
BASE = RES(C$ADDR(0));'
DO AtCTP = 0 TO C$ADDR(l) - 1.;

IF NOT LFTTER(B$BTE(A$CTR)) THYN
A$CTR = CSADDR(l) + 1;

END;
IF AtCTR = CtADDP(l) THEN BRANCHMF'AG =NOT BPANCHMFAG;
CALL COND$BRARCE(2);

END COMP$ALPHA:

* ** ** * *NUMERIC OPERATIONS 3P ***

DCL (RO,RltR2) (18) BTEr, /* REGISTERS *
DFC$PT0 BYTE,
DMCPTI BYTE,
DECSPT2 BYTE,
DEC$PTA(,') BYTE AT(.DFC$PTO),
!-OVE$FLAG BYTE I NIT IAL (FA LSE),
OVERELOV BYTE,
R$PTR BYTE,
REG$LENGTH BYTE INITIAL(10)9
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sIGNO(3) BYTE,
SWITCH BYTE,
TEMP BYTE,
NEGITIVE LIT ''
POSITIVE LIT 11,;

CHECKt70R$SIGN: PROCCHAR) BYTE;
DCL CHAR BYTE;
IT NUMPPIC(CRAR) THEN RETURN POSITIVE;
IF NUMERIC(CFAR - ZONE) TEEN RETURN NEc.ITIVE;
CALL PRINTSERROR( 'SI');
RETURN POSITIVE;

END C HE C K$FOR $S I GN

STORE$IMMEDIATE: PROC;
DO CTF = 0 TO 9;

RO(CTR) = R2(CTR);
END;
DFC$PTO = DEC$PT2;
SIGNO(O) = SIGNOWz;

END STORE$IMMEDIATE;

ONE$LF'T: PROC;
DCL CTR BYTE;
IF SHL(B$BTTE(Oll.4) = 0 OR MOVE$FLAG TEEN

DO;
r') CTR = 0 TO REG$LENGTR - 2;

BSBTTE(CTR) = SHL(BSBTTE(CTR),4) OR
SHR(3$BTTY(CTR + ),)

END;
B$BTTE(REG$LENGTH - 1)=

SHL(B$BTT(REG$LN'JTH -0.;

END;
ELSE OVERFtOW = TRUE;

END ON$IPT;

ONE$RIGHT: PROC;
DCL CT! BYTE;
CTF - REG$LPNGTE;
DO INDEX -1 To PEM~ENGTH - 1

CT! CT! - 1
B$BTE(CTR) - SHR(B$BYTE(CTR),4) OR

SHL(BtTTE(CTR 1),4);
END

B$BYTE(0 - SffR(B$BYTE(0).4);
I? POTT(O) 09H TEEN

MTRTE(0) -99F;
END ONMsIGHT;

SHIFT$RIGHT: PROC(COUNT);
DCL COUNT BYTE;
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DO CTR - 1 TO COUNT;
CALL ONT$RIGHT;

END;
END SHIFT$RIGET;

SHIFT$LP!!T: PROC (COUNT);
DCL COUNT BYTE;
OVERFLOW - FALSE;
IF COUNT - 0 THEN

DO;
CTR - 0;

END;
DO CTR = 0 TO COUNT - 1

CALL ONE$LEFT;
IF OVERFLOW AND NOT MOVEMAG THEN RETURN;

END;
END SHIFT$LEFT;

ALLIGN: PROC;
DCL (1,T) PYTE;
RIGRT$OP: PROC (ADDE);

DCL ADDR ADDRESS;
IF OVERFLOW THEN

DO;
BASE = ADDR;
CALL SHIFTRIGHT(Y := - CTR);
OVERFLOW - FALSE;

END;
END RIGHTSOP;

y - 0
IF DEC$PTO>DEC$PT1 THEN

DO;
BASE = .R1;
CALL SHIFT$LEFT(X := DFC$PTO - rEC$PT1);
DZC$PT1 = DEC$PT1+CTR;
CALL RIGET$OP(.PO);
DEC$PT0 - DEC$PT3 - Y

END;
ILSE

DO;
BASE - .Ro;
CALL SEITT$LPFT(X := DEC$PT1 -DTC$P?0O);

DEC$PTO - DEC$PTO.CTR;
CALL RIGMTOP(.Rl);
DEC$PT1 a DEC$PTI - T

END;
END ALLIGN;

ADD$OEND: PROC (C!);
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DCL (CT,I,J) BTTI;

CTR - REG$LENGTF - 1;
DO J I I TO REG$LENGTH;I POBSTTE(CTR);

I -DEC(I CY) ;
CT - CARRY AND 1;
PtSYTE(CTR) = I;
CTR = CTR - 1;

END;
END ADDSTO END;

ADD$Ro: PROC(SECOND, DEST);
DCL (SECOND, DUST) ADDRESS, (CT,A,BI,J) BYTE;
HOLD = SYCOND;
BASE = DEST;
CY = 0;
CTR = REGMLENGTH- 1;
DO J = 1 TO RECSLENGTH;

A = RO(CTR);
B = HBTTE(CTR);
I = DEC(A+CT);
CT = CARRY;
I = DEC(I + 3);
CT - (C! OR CARRY) AND 1;
B$BYTE(CTR) - 1;
CTR = CTR - 1;

END;
IT CT THEN CALL ADD$TO END(CY);

END ADD$RZ;

COMPLIMENT: PROC(NUMP);
DCL NUMB BYTE;
SIGNO(NUMB) = SIGNO(NUMI) XOR 1; /* COrPLIMFNT SIGN */
DO CASE NUMB;

HOLD - .RO;
ROLD - .R1;
HOLD = .R2;

END;
DO CTR = 0 TO RECGLENGTR - 1;

H$BTTE(CTR) = 99E - HSBYTE(CTR);
END;

END COMPLIMENT;

R2$ZERO: PROC BYTE;
DCL I BYTE;
I1 (SHL(R2(0),4) <> 0) OR (S.R(R2(9),4) 0 e)
THEN RETURN FALSE;
ELSE DO I = 1 TO 8;

IF R2(1) 0 0 THEN RETURN FALSE;
END;

RETURN TRUE;
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END R2tZEPO;

LEADING$ZEROES: PROC(ADDR) 'YTE
DCL COUNT BYTE, ADDR ADDRESS;
COUNT = 0;
BAST = ADDR;
DO CTR = 0 TO 9;

IF (?$BTTE(CTR) AND 073R) 0> 0 THEN RETURN COUNT;
COUNT = COUNT + 1;
11' (A$BTTE(CTP.) AND GEE) 0> 0 THEN RETURN COUNT;
COUNT = COUNT + 1;

END;
RETURN COUNT;

END LEADING$ZEROPs;

CEECI$RESULT: PROC;
IF SER(R2(0),4) = 9 THEN CALL COMPLIMENT(2);
BASE = 3R2;
CALL ADD$TO$END(05H);
IF (Sff(R?(0),4)0o) AND (DEC$PT2 =0) THEN

OVERFLOW =TRUE;
ELSE

IF (SHR(R2(0).4) 0> 0) THEN
DO;

CALL SHITsRIGHT(l);

EN;DEC$PT2 - DEC$PT2 - 1

B$PTTE(9) - B$BTTE(9) AND OFOH;
IF LEADING$ZEROES(.R2) > 19 TPEN

SIGNO(2 - POSITIVE;
END CHECK$RESULT;

CEFEC!$SIGN: PROC;
SIGNO(2 = POSITIVE;
IF SIGNOWo AND STGNO(1 THEN RETURN;
IF (NOT SIGNOWO) AND (NOT SIGNO(1) THEN

DO;
SIGNO(2 = NEGITIVE;
RETURN;

END;
IF SIGN0(0 TEEN CALL COMPLIMENT(l);
VLSI CALL COPOPLIWENT(0;

END CHEC[$SIGN;

CEECX$NUMERIC: PROC;
DCL I BYTE;
BASE - a
DO I - 0 TO 27;

IF NOT NUMEPIC(SHR(B$BYTT(I) 4) OR '0') OR
NOT NUPEPIC((B$BTTE(I) AND OFE) OR '0') TFEN

CALL PRINTSERROR( 'NE');
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END;
END CEYCKNUM!PIC;

CHFCK$DEC!MAL: PROc;
IF DEC$PT2<>(CTR :=C$BTTE(3)) TEEN

DO;
MOVE$FLAG =TRUE;k
BASE - .R2;
IF' DECtPT2 > CTR THEN CALL

SHIFT$RIGHT(D!'C$PT2 - CTR);
ELSE CALL SHIFT$LEFT(CTR-DEC$PT2);
MOVE$FLAG = FALSE;

END;
IF LEADIN~tZEROES(.R2) < 19 -C$BTTE(2) TFEN

OVERFLOW = TRUE;
END CHICKtDECIMAI;

ADD: PROC;
CALL CE!CK$NUMERIC;
OVERFLOW = FALSE;
CALL ALLIGN;
CALL CHECK$SIGN;
DEC$PT2 = DEC$PTO;
CALL ADDRO( .Rl,.R2);
CALL cHECK$RESULT;

END ADD;

ADD$SERIES: PROC (COUNT);
DCL (I,COUNT) BYTE;
DO I = 1 TO COUNT;

CALL kDD$R0(.R2,.R2);
EN D;

END ADD$SFRIES;

SET$MULT$DIv: PROC;
CALL CEFC[$NUMERIC;
OVERFLOW - FALSE;
REG$LKNGTH a 18;
SIGN0(2 - (NOT (SIGNO(O) XOR SIGNO(1)) AND 01F;
CALL FILL(.R2,18,ra);

IND SET$MULTSDIV;

R1$GRFATIP: PROC BYTE;
DCL I BYTT;
DO CTR - 0 TO 9;

IF R1(CTR)>I :- 99H - R@(CTR)) TEEN RETU'RN TRUF;
IF R1(CTR)(I TEEN RETURN VALSE;

END;
RETURN TRUE;

IND R1$GREAT!R;
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MULTIPLY: PROC(VALUZ);
DCL VALUE BYTE;
IF VALUE(>0 THIN CALL ADD$SERIES(VALUE);
BASE - .R0;
CALL ONE$LEFT;

END MULTIPLY;

DIVIDE: PROC;
DCL (I, J. K. X) BYTE;
IF LEADING$ZEROES(.R') > 19 TFFN

DO;
OVTRFLOW = TRUE;
RETURN;

END;
IF LEADING$ZEROES(.Rl) > 19 TEEN

DO;
CALL FILL(.?2,lea);
RETURN;

END;
CALL SET$MIJLT$DIV;
PASE = .Ro
CALL sEIFT$LEFT(1?);
DEC$PT0 = DEC$PTO + CTR;
BASE = .Rl;
CALL SHII'TSL!JT(17);
DEC$PT1 =D!C$PT1 + CTR;
OVERFLOW -FALST;
IF DEC$PT0 > 17 THEN

1F DEC$PT1 < (X : DEC$PTO 1?) THEN
DO;

OVERFLOW =TRUE;
DEC$PT2 0;

E ND;
ELSE

D!^W$PT2 - D!C$PT1 - X
ELSE

DECSPT? - DtCtPT1 + (1? - DECSPTO);
CALL COMPLIMENT(0);
DO I - 1 TO 19;

J - 0
DO WHILE Rl$GREATER;

CALL ADD$RO(.Rlt.Rl);
IF R1(0) - 99H THEN

CALL COMPLIMENT (1);
j - j + 1;

END;
K - SHR(I.1);
IF I TEEN R2(K) - R2(K) OR J;
ELSE R2(K) - R2(K) OR SEL(J,4);
BASE - .RO;
CALL ONE$RIGRT;
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END;
REG$LENGTH =10;

CALL CRECK$RESULT;
IND DIVIDE;

LOADSACFAR: PROC (CEAR);
DCL CHAP BYTE;
IF (SWITCH := NOT SWITCH) TTHFN

B$BYTE(R$PTP) =B$BTTl(RtPTR) OR SEL(CHAR 30.)
ELSE 3$3TTI(P$PTP : R$PTR-1) = CHAP 3M

END LOAD$A$CIHAR;

LOAD$NUMPERS: PROC (ADDR,CNT);
DCL ADDP ADDRESS, (I,CNT)BTTE;
HOLD =RPS(ADDR);
CTR =CNT;
DO INDEX = 1 TO CNT;

CTR = CT! - 1
CALL LOAD$A$CHAR(H$BYTE(CTR));

END;
CALL INC$PTR(5);

END LOADSNUMBERS;

SET$LOAD: PROC (S'IGN$IN);
DCL (CTR,SIGN$IN) PYTE;

DO CASE (CT! :- CSBYTE(4));
BASE = .RO;
'BASF = .Rl;
BASE = .R2;

END;
DEC$PTA(CTR) = C$BYTE(3);
SIGNO(CTR) - SIGN$IN;
CALL PILL (3ASE.le.0);
R$PTR 9;
SWITCH FALSE;

END SET$OAD;

LOAD$NUMER IC: PROC;
CALL SETsLOAE(l);
CALL LOAD$NUMBERS(RES(C$ADDR(0)),C$BYT!(?));

END LOAD$NUMERIC;

LOAD$NUMSL IT: PROC;
DCL(LIT$SIZEFLAG) BYTE;

CRAUtSIGN: PROC;
LIT$SIZE = LIT$SIZE - 1;
HOLD - HOLD + 1

END CRAR$SIGN;

LITSSIZE C$BYTE(2);

283



HOLD = RES(C$ADDR(0));
IF 841YTE(O) -- 'THIN

D;CALL cHAR$SIGN;
CALL SET$LOAD(NEGITTVE);

END;

ILEDO;

IF H$?YTE(e) =' THE4 CALL CHARsSIIN;
CALL sET$LOkD(POSITIVE);

END;
FLAG 0;
CTR LIT$SIZE;
DO INDEX = 1. TO LITtSIZE;

CTR - CTR - 1:
IF H$BYTE(CTR) -' THEN FLAG=LIT$SIZE (CTR +1);
ELSE CALL LOAD$A$CEAR(H$PYTE(CTR));

END;
DPC$PTA(C$BTTE(4)) = FLAG;
CALL INC$PTR(5);

END IOADSNUM$LIT;

STORE$ONE: PROC;
IP(SVITCWR :- NOT SWITCH) THEN

B$BTTE(O) = SHR(E$BYTE(0),4) OR '0';
ELS F

DO;
HOLD - BOLD - 1;
3$BT(O) = (H$BTTE(O) AND OFE) OR '0';

END;
BASE - BASE - 1;

END STORE$ONE;

STOWEAS$CHR: PROC(COUNT);
DCL COUNT DYTE;
SWITCH - FALSE;
HOLD - .R2 + 9;
IF CSDTE(4) 0> SER OR NOT OVERFLOW TEEN

DO CT! - 1 TO COUNT;
CALL STORI$ONE;

END;
END STORE$AS$CEAR;

SET$ONE: PROC (ADDP);
DCL ADD! ADDRESS;
1F NOT SIGN0(2 THEN

DO;
BASE - ADD!;
17' C$BYT!(4) 0 SIR OR NOT OVERFLOW TEEN

B$BYTE(O) - M$YTE(8 + ZONE;
END;
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CALL INC$PTR(4);
IND SPTtZ0NE;

SET$SIGN$SEP: PROC (ADD!);
DCL ADD? ADDRESS;
BASE = ADD!;
IF C$BYTE(4) 0> SER OR NOT OVERFLOW THEN

17 SIGNO(2 TEEN B BYTE(0)
ELSE )"YTI(0) I-;1

CALL INCSPTR(4);
END SIT$sIGNmszp;

STORESNUMERIC: PROC;
CALL CHECKSDPCI'AL;
BASE -RIS(C$ADDR(0)) + C$BYTE(2) - 1;
CALL STORE$AS$CHAR(C$BYTE(2));

END STORT$NUMERIC;

MCVE$NUM$EDITED: PROC;
DCL CHAR BYTE,

COUNT BYTE,
FLOW(2 BYTE,
FLOAT$VALIJE BYTE,
LAST$LOAD BYTE,
LENGTH BT,
MAX$LOAD$PT BYTE,
mrN$LOAD$FT BYTE,
PSIT$DFC BYTEt
PSIT$SIGN BYTE,
SIGN$OUT BYTE;

7LOAT$CEECK: PROC(INDEZ);
DCL INDEX BYTE;
IF FLAG(INDEI) THEN

FLOAT$VALUS - CHAR;
ELSE

DO;
PLAG(INDEI) - TRUE;
IF CTR 0> MAX$LOADSPT OR INDEX =0 THEN

MIN$LoAt-$PT = CT? + 1;
IF INDEX - 1 THEN

PSIT$SIGN - CTR;
IND;

END FLOAT$CHECC;

FLOAT$VALUE,MIN$LOAD$PT -0;

FLAG(0),FLAG(l) aFALSE;
PSITOD!C -c$BYTE(11);
PSIT$SIGN -C$BYTE(B);
MAX$LOAD$PT - C$BYTI(8) -1;

HOLD - RLPS(C$ADDP(@));
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CALL MOVE(RES(C$ADDR(3)),!!OLD,C$ADDR(4));
IF HSDYTl(MAXSLOAD$PT) = 'B' OR

H$3YTE(MAI$LOAD$PT) = 'R' THEN

MAX$LOADSPT -MAX$LOAr$PT -2;

PSIT$D!C =PSIT$DFC - 2;
PSIT$SIGN =PSIT$SIGN - 2;

DO CT = ;TO MAX$LOAD$PT;

IF CHAR = '' THEN

CALL JLOAT$CEECK(0);
ELS IFSIGN(CHAP) THEN
CALL FLOAT$CHECK(l);

ELEIF CHAR = 'Z' THEN
- t FLOAT$VALUE = CHAR;

ELSE IF CHAR - 'B' THEN
H$BYTE(CTR) ='

IF CTR > MAX$OAD$T - PSIT$DC THEN
IF CHAR = '/' OR CHAR = ' OR

CHAR = '0 OR CHAR = ' THEN
PSIT$DFC = PSIT$DEC - 1

END; /* DO CTR = 0 TO MAX$OAD$PT
IT PSIT$SIGN = MAXtLOAD$PT THEN

DO;
MAX$LOAD$PT = IMAX$LOADtPT - 1;
PSIT$DEC = PSIT$DEC - 1;

END;
LENGTH = CWADR(2);
BASE = .RO;
CALL FILL(BASE,216,'0');
CALL MOTE(RES(C$ADDR(1)),BAsE,LENGTH);
IF sIGN(B$PTTE(0)) THEN /* CHECK FOR LEADING SIGN *

DO;
SIGN$OUT - B$BYTI(O);
BASE -BASE + 1;
LENGTH = LENGTH - 1

END;
ELSE IF SIGN(B$BYTE(C$BYTE(4) - 1)) THEN

DO;
SIGN$OUT - l$BYTT(C$BT(4) - 1);

EN;LENGTH = LENGTH - 1;

ELSE IF NOT CHECl$FOR$SIGN(3$PTTE(C$BTTE(4) -1)) TfHEN
DO; I* CHECK FOR TRAILING IMBEDDED SIGN *

SIGN$OUT = -v I
B$BYTE(C$BYTF(4) - 1) = B$BTTE(C$PTTP(4) -1)

-ZONE;

END;
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ELSE I NOT CHECK$FOR$SIGN(B$BYT!(0)) THEN
DO; /* CHECK FOR LEADING IMBEDDED SIGN /

SIGN$OUT = ;
B$DTTE(0) - nB$rTE(M) - ZONE;

END;
ELSE SIGN$OUT =
I PSITMDEC > C$BYTE(10) THEN

DO; /* ALIGN DECIMAL POSITIONS */
IF PSIT$DEC < C$3YTE(10) TEEN

LENGTH = LENGTH - (CSDTTE(10) - PSIT$DEC);
ELSE

LENGTH = LENGTH + (PSIT$DEC - C$BYTP(10));
END;

CTR = LENGTH - 1;
COUNT,LAST$LOAD = MAX$LOAD$PT;
DO INDEX = 1 TO LENGTH;

DO WHILE (HSBTTE(COUNT) = " ' OR H-BYTE(COUNT) = '0'
OR HSDTTE(COUNT) = '1' OR H$BYTE(COUNT) =
OR H$PTTE(COUNT) = ",') AND
(COUNT <= MAX$LOAD$PT);

JCOUNT - COUNT - 1;
END; .
IF P$D'7E(CTR) 0 '.0 THEN~DO;,

IF P$BTTE(CTR) > '0' TFEN
IF (COUNT < MIN$LOAD$PT) OR

(COUNT = 255) THEN
INDEX = LENGTH;

ELSE
DO;

HSMTTE(COUNT) = B$gTT(CTR);
LAST$LOAD = COUNT;

END;
COUNT = COUNT - 1;

END;
CTR = CTR - 1;

END;
IF FLOAT$VALUE <> 0 THEN

DO;
CTR = 0;
DO WHILE HSBYTE(CTR) <> FLOAT$VALUE;

CTR = CTR + 1;
END;
DO WHILE (P$BTTE(CTR) = :,o OR B$PTTE(CTR) = '0'

On H$BYTE(CTR) = ' OR H$BT?1'(CTR) = '/6
OR H$PYTE(CTR) = FLOAT$VALUE)
AND (CTR <= MAXMLOADWPT);

H$BTTE(CTR) = " ";

END; CTR = CTR + 1;

IT FLOAT$VALUE <> 'Z' THEN
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DO;
H$B!TE(CTR :CTR - 1) F LOAT$VALUE;
IF' SIGN(FLOAT$VALUE) THEN

PSIT$SI0ZN = CTR;
END;

DO CTR =0 TO LAMTLOAD;
IF HN3YTI(MT) -'0' THEN

H$BYTE (CTR) =1 0;
FLSE

IF H$BYTE(CT!) ''AND

ff$DTE(CTR -1) =*'TEEN

H$BYTE(CTR)=
END;
DO CTR =LAST$LOAD +1 TO tAISLOADSPT;

IF H$DTTE(CTR) =' OR Ht3TTE(CTR) ' OR
SIGN(E$3DT(CTR)) OR H$PTT(CTR) ='0' TIFEN

ESBTTE(CTR) = Pl
END;
IF PSIT$SIGN < CWDTE(8) THEN

IF E$BYTE(PSIT$SIGN) =',THEN

BHBYTE(PSIT$SIGN) SIGNOUT;
*ELSE

rF siGNOU ='+ THEN
DO;

IF R$DYTE(PSIT$SIGN) 0 M- TEN
E$2DYTE(PSIT$SIGN +1)=

E$BYTE(PSIT$SIGN)=
END;

CALL INC$PTR(12);
?RD MOVE$NUM$EDITED;

/** * INPUT-OUTPUT ACTIONS* *******

DCL BUF7$PTR ADDRESS,
BRUF$BYTE BASED IUPF$PTR (1) BYTE,
BUFF$END ADDRESS,
BUFFSLINGTH LIT '12e',,
BUFFS TART ADDRYSS,
CHAP BYTE,
COIESRUEF ADDRESS INITIAL (SOB).
COM$YTT BASED CON$BUFp BYTE,
CON$INPUT ADDRESS INITIAL (M2),
CONTROL$FLAG BYTE INITIAL (FALSE),
CUPRENT$PLAG 3YTE,
EOF$FLAG$OrFSET LIT '36'9
21TINT$OIFSET LIT '12'1,
FCI$ADDR$A BASED CURRENT$FCB (1) ADDRESS.
FCB$BYTE$A BASED CURRIMNTS (1) NYTT,
PLAG$OFFSET LIT #33',
HIGE$VALUI LIT '6771'9
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INVALID 3YTE,
PAO LIT '22', /* CODE FOR PAGE *
PTR$OFTSET LIT '17',
11C$NO LIT '32',
REWRITIMFAG PYTE INITIAL(OH),
TERMINATOR LIT '~f
TOPtOFIPLGE LIT 6H
TAR$END LIT OCR,,
WT? LIT '48'; /* CODE POP WRITE ~

ACCEPT: PROC;
CALL CRLP;
CALL PRINT$CKAR(ZFH);
CALL FILL(CON$INPUT,C$BYTI(2),' '
CON$PTTE - 128;
CALL READ(CON$BUPP);
CALL MOVE(CON$INPUT,RES(C$ADDR(0)),C$BYTP(2));
CALL INC$PTR(3);

END ACCEPT;

DISPLAY: PROC;
DCL lSCNT BYTE;
BASE - RIS(C$ADDR(0));
IF NOT C$BYTE(3) THEN CALL CRLF;
B$CNT -C$BYTE(2);
DO CTR 0 TO B$CNT - 1

CALL PRINT$CHAR(?$BYTE(CTR));
END;
CALL INC$PTR(4);

END DISPLAY;

GET$FILESTTPE: PROC BYTE;
BAST - C$ADDR(0);
RETURN B$BYTE(FLAG$OFFSET);

END GET$FILE$TYPE;

SET$FILT$TYPE: PROC (TYPE);
DCL TYPE BYTE;
BASE - C$ADDR(O);
IF GETSFILE$T 0> 0 THEN CALL ?ATAL$ERROR('OE');
B$BTE(FLAG$OFSET) - TYPE;

END SET$FILE$TYPE;

SET$IO: PROC;
INVALID - FALSE;
IF C$ADDR(0) - CURRENT$FCB THEN RETURN;
/* STORE CURRENT POINTERS AND SET INTERNAL VPITF MART *
BASE - CURRENT$FCI;
FCB$ADDR$A(PTR$OFFSET) =BUPF$PTR;
!CB$IYTI$A(PLAG$OFFSET) *CURRENT$FLAG;
/* LOAD NEW VALUES *
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RUFF$END -(BUFP$START :-(CURUINTSFCD : CSADDR(O))
START$O1'FSET) + BUT$LPNGTE;

CUJRTNTMFAG - vC OT TVA (FLAG $OFTS FT);
3UFF$PTR - ICB$ArDRSA(PTR$OFFSET);

END SIT$1$0;

OPZN$YILV: PROC(TYPF);
DCL TYPE BYTE;
CALL SET$?ILE$TYPE(TYPE);
CURRENT$FC3 - C$ADDR(g);
7C$DTEUITENToFSET) - 0;
CTR OP!N(CURRENT$FCB);
DO CASE TYPE - 1

/* INPUT *
DO;

17 CTR - 255 THIN CALL FATALM~PORUNY');
END;
/* OUTPUT *
DO;

CALL DELETE;
CALL MAKE(CADDR(O))

END;
; /* CASE 2 NOT USED *
/* 1-0 *
DO;

EN;IF CTR - 255 THEN CALL FATAL$ERROR('NP');

END; /* DO CAST TYPE - I */
FCB$ITT$A(REC$NO) - ; /* SIT THE RECORD SUP'B IN FCB *
?ClBETT$A(IOF$FLAG$OPSET) - FALSE; /* SET TEY TOP OPP ~
BUFF$ZND -(BUFF$START :- (CURRENT$FCB + START$OFFSET))

BUFF$LENGTH;
CURPTNT$FLAG - FC1B$BYTE$A( PLAG$OFFSET);
BtF$PTR,FCDB$AtDDR$A(PTRtOFISET) - BUMFSTART - 1
CALL INC$PTR(2);

END OPFN$PILEv

WRITE$MARK: PROC BYTE;
RETURN ROL( CURREN T$FLAC .1);

END WRITMMARK;

SET$VRIT!MARK: PROC;
CURRINT$FAG m CURRENTSFAG OR SON;

IND S!T$VRITZ$MARK;

VRITMIRCORD: PROC;
CALL SET$DMk;
CtRR!NT$YLAG - CURRZNT$YLAG AND OFN;
17 (CTR := DISK$VRIT?) 0 THIN RETURN;
CALL PRINT$FRROR( 'ye');
INVAID - TRUE;
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FND WRITUsRECOPID;

READ$RECORD: PROC;
CALL S!T$DMA;
17 WRITEMARK THPN CALL WRITF.$PECOPD;
IT (CTR :- DISM$EAD) - 0 THEN RETURN;
TIP CTR -1 THEN ICB$BlTE$A(1OF$FLAG$OFFSET) =TRUE;
INVALID -TRUE;

IND READ$RZCORD;

RTAD$BYT!: PROC BYTE;
IT (PUFF$PTR :- lUFF$PTR + 1) >- ?UFFENE TFN

DO;
CALL READ$RCORD;
17 ?Cl$BTTIWA(OPFLAG$OFFSET) THEN

RETURN TERMINATOR;
3UT7$PTRt - BUPP$START;

END;
RETURN BUTT$BYT!(S);

END READ$3TTE;

VRITE$BYTE: PROC (CHAR);
DCL CHAR BYTE;
IF (EUTF$PTR :- PUYF$PTR.1) >- BUFF$END THEN

DO;
CALL kRITISRECORD;
PUF?$PTR - BUFF$START;
ZIP REVRITIMFAG THEIN

DO;
CALL READ$RECORD;
FCB$?YTE$A(RZC$NO) ? CBtBYTTtA(RFC$N0)-

IN; ND;

CALL SET$VRrI$MAPX;
BUMMERTK() - CHAR;

END VP.ITP$BYTE;

VRITM$NDMARIC: PROC;
CALL W!ITISPYTE(CR);
CALL WRITI$BT!LY);

END vRI$END$MARK;

RADSIND$MARK: PiOC;
IT (PEADBYTE(>CR) OR (RIAD$YTE<>LF) TEEN

CALL PRINT$FUROR( 'M');
END RIAD$END$MARK;

RlkD$VARIAILE :PROC;
CALL SIT$I$O;
BASE - C$ADDR(2);
CALL TILL(C$ADDP(2),C$ADDR(l),' )
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DO AACTR 0 TO C$ADDR(l) - 1
11 (CT! := RIADMYTI) VAR$rND THEN

DO;
CTR - R!AD$BYTE;
RETURN;

IND;
17 CTR - TYRMINATOR THIN

DO;
ICB$BYTI$A(IO!$YLAG$OFSET) =TRUE;
RPTURN;

END;
B$BYTF(A$CTR) =CTR;

IND;
CALL READ$ZND$MARK;

IND PIAD$VARIABLE;

V!ITISVAIAILE: PROC;
DCL COUNT ADDRESS;
CALL SFT$I$0;
BASE C$ADDR(l);
COUNT =CSADR(2;

DO WHILE ((B$BrTE(COUNT :=COUNT - 1)=
AND (COUNT 0> 0));

IND;
DO A$CTR - 0 TO COUNT;

CALL V.ITE$PYTI(B$BT(A$CT!));
END;
CALL VRrTT$END$MAR[;

END W!ITE$vARI&2BLE;

READ$TOtMEMORT: PROC;
DCL CHAR BYTE;
BASE - C$ADDE(l);
DO A$CTR - 0 TO C$ADDR(2) -1;

IV' (CHAR :- RIAD$3YTE) - TERMINATOR THIN
DO;

INVALID,FCBSBYTE$A(bOF$FLAGSOTSET) =TRUE;
RETURN;

IND;
ELSE BS!YTE(ASCTR) - CHAR;

I MD;
CALL READ$END$MAIK;

END RIAD$OMEMORY;

WuITZ$IROtM$MZMORY: PROC;
BASE - RIS(C$ADDR(1);
DO A$CTR a 0 TO C$ADDR(2) - 1;

CALL V!ITE$BYTE(B$BYTE(A$CTR));
I ND;
17 CONTROL$JLAG THEN

CALL vRITI$BYTI(CR);
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ELSEI. CALL VR!TE$END$MARK;
IND WRITE$FROM$MZMORY;

/* ' * * RANDOM 1-0 PROCEDURES *S*5* /I SET$RAN$POINTZI: Puoc;
/* THIS PROCEDURE READS THE RANDOM KEY AND COMPUTES

VRICI RECORD NEEDS TO RE AVAILABLE IN TEX BUFFER
THAT RECORD 1S MADE AVAILABLE AND THE POINTERS
SET FOR INPUT OR OUTPUT 5

DCL (BYTE$COUNToTEMP,PEZCORD) ADDRESS,
EXTINT BYTE;

IF VRITE$MARK THEN CALL VRITE$RZCORD;
TEMP - CONVERT$TO$HEX(C$ADDR(3),C$BYTE(e));
1F TEMP - 0 THEN

D;INVALID = TRUE;
RETURN;

END;
BYT$COUNT a (C$ADDR(2) + 2) * (TEMP - 1);
RECORD - SHR(BTE$COUNT97);
EXTENT a SER(IECORD,?);
1F EXTENT 0> FCB$BTE$A(XTENT$OFFSIT) THEN

DO;
CALL CLOSE(C$ADDR(0));
ICI$BTEA(VITENTWOFSIT) - EXTENT;
IF OPEN(C$ADDR(9)) - 255 THEN

DO;
IF SHR(CURRENT$FLAG.1) THEN

CALL MAKE(C$ADDR(@));
ELSE

DO;
INVALID - TRUE;
FCB$BTE$A(EXTENT$OFSBT) -0;

IF OPTN(C$ADDR(@)) - 255 THEN
CALL F&TAL$RIOR( 'OP');

END;
END;

END;
BUMFPTR -(DTZCOUNT AND 771) + BUMFSTART - 1
?PCB$BTT$A(32) - LOV(RECORD) AND ?FE;
CALL READ$RECORD;

END SET$RAN$POIITER;

GET$!ECNU BER: PROC ADDRESS;
DCL (RECORDLOGICAL$REC$NUMBYTE$COUNT) ADDRESS;
RECORD a FCS$RYTE$A(EXTENT$OFFSET);
RECORD - SHL(RECORD97) + FC?$lYTT3A(REC$NO);
17 NOT SHR(CURRENT$PLAG,1) TEEN RECORD -RECORD 1;
NYTE$COUNT *SHL(RECORD97) + ((BU??$1'TR + l)-BUFF$START);
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LOGICAL$REC$NUM (3YTE$COUNT /(C$ADDR(2) + 2)) *1
RETURN LOGICkL$RFC$NUM;

IND GZT$REC$NJMBRR

SET$RELATIYE$KEY: PROC;
DCL (nhC$NUMt Z) ADDRESS,

(ICNT) BYTE,
J(4) ADDRESS DATA (10000,1000,100#10)o
BUFF(5) BYTE;

REC$NUM -GET$REC$NUMBIR;
DO 1 0 TO 3;
CUT -0;

DO WHILE REC$NUM >- (K := JI)
REC$NUM - RIC$NUM - K;
CNT - CNT +1;

END;
BUFF(I)-CNT + ''

END;
BUuF(4) -REC$NUM + 0e
IF (I :- C$BYTE(8)) <- 5 THEN

CALL MOTE(.BUFF + 5 - IRES(C$ADDR(3)),I);
ELSE

DO;
CALL FILL(RES(C$ADDR(3))tI -5,0;
CALL MOVE(.BUFRES(C$ADDR(3)) + I1 5,5);

END;
END SETWRLATIMIFKE;

VRT$EMPTY$RIC: PROC;
DO A$CTR -1 TO C$ADDR(2);

CALL WRITE$BYTE(HIGH$TALUE);
END;
CALL VRITE$END$MARK;

END vRT$EMPTY$REC;

VRITE$DUMMY$RECS: PROC(DIFFERENCE);
DCL DIFFERENCE ADDRESS, COUNT BYTE;
DO COUNT n 1 TO DIFFERENCE;

CALL VRT$EP PTY$REC;
END;

END vRITE$DUMMY$RECs;

BACKONE$ETENT: PROC;
CALL CLOSI(C$ADDR(S));
IF (FCB$BYTZ$A(EINT$OFFSBT)

FCB$BYTE$A (EITrNT$OFFSET)-1)=255 TFEN
CALLnITAL$ERROR( '?7) ;

17 OPEN(C$kDDR(O)) - 255 THIN
DO;

CALL FATAL$hRROR( 'OP');
INVALID - TRUE;
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RETURN;
IND;t.. CB$BYTI$A(REC$NO) *127;

IND BACK$ONZ$UXTZNT;

BACK$ONEtRICOiD: PROC;
IF(BUFP$PTR :a BUYF$PTR - (C$ADDR(2) +2)) >=

BUF$START - I THEN
DO;

FCB$BYTE$A(REC$NO) = FCB$BYTE$A(RZC$NO) -1
RETURN;

ID;
BUFF$PTI a BUPJ$START - BUPF$PTR;
DO yuILE BUIF$?TR > 129;

BUPT$PTR - SU77$PTR -128;

FCB$BYTE$A(RZC$NO) F C3tBYTE$A(REC$NO) 1;
IND;
BUTJ$PTR - BUJTND MOMFFPT;
ICB$BTTE$A(REC$NO) * CB$BYTZ$A(RZC$NO) - 2;
17 YCB$BYTE$A(REC$NO) > 127 THEN

DO;
CALL B&CK$ONL$JZTENT;
IT INVALID THEY RETURN;
CALL READ$RZCORD;
7CB$BTTZ$A(RZC$NO) a127;

ELSE ID

DO CALL READ$RECORD;
IFCB$ETE$A(REC$NO) aFCP$2BYTE$A(REC$NO) -1

END;
IND 3ACC$ONE$RECoRD;

JIVUITZ$SEQs PROC (FLAG);
DCL FLAG BYTE;
CALL PACIONE$RECORD;
REVRITE$YLAG -TRUE;
IF FLAG THEN CALL VRITE$FROM$MEMORY;
ELSE CALL VRT$EMP'rY$REC; /* THIS IS A DFLETE '
CALL vfITIRECORD;
17 FCB$BYTZ$A(REC$NO) - 0 THEN

CALL SAMKOME$EXTENT;
ILSE

PCB$BYTE$A(RZC$NO) F CB$BYTE$A(REC$NO) -1;

RIVRITE$FLAG - FALSE;
CALL READ$RCORD;

END RZVRITZ$SEQ;

CRECK$DIPFERENC!: PROC;
DCL (DIF1UENcLNEZT$RECORD.NEXTtKET) ADDRESS;
NIXT$RECORD *GTT$RIC$NUMlIR;
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i I
NEIXT$KEY - CONVERTSTO$HEX(C$ADDR(3),C$BTTE(6));
IT NEXT$RECORD > NUXT$KET THEN CALL PATAL$FRROR('W2');
DIFFERENCE - NEXT$KEY - NEXT$RECORD;
IF DIFFERENCE > 0 THEM CALL WRITE$DUMMTMRECS(DIFFERENCF);

END CHECK$DIFJZRENCE;

/** MOVES * * * , * * * * * * * * * */

LOAD$INC: PROC;
H$YTE(CTR) - 3 DYTR(CTR);
CTR1 CTR1 + 1;
CTR CTR + 1;

END LOAD$INC;

CEECK$EDIT: PROC(CHAR);
DCL CHAR BYTE;
IF (CHAR - 'J') OR (CHAR - '/') THEN CTR CTR + 1;
ELSE IF CHAR - '13 THENDO; H$lTTI(CTR) 

- "
CTR - CTR + i;

END;
ELSE IF CHAR - 'A' THEN

DO;
IF NOT LETTER(B$BTTE(CTR1)) THEN

CALL PRINT$PRROR('IC');
CALL LOAM$INC;

END;
ELSE IF CHAR * '9' THEN

Do;
IF NOT NUMERIC (3$3TTE(CTR1)) THEN

CALL PRINT$ERROR('IC');
CALL LOAr$INC;

LN D;
ELSE CALL LOAD$INC;

END CHECK$EDIT;

/* * * * * * * * * * * MACHINE ACTIONS * * * * , * , , * ,

STOP: PROC;
CALL CRLF;
DO CTR - 1 TO 4;

CALL PRINT$CHAR({ERROR$CTR(CTR));

CALL MON(9,.(' EXECUTION ERRORS$'));
CALL BOOTER;

END STOP;

THE PROCEDURE BELOW CONTROLS THE EXECUTION OF THE CODE.
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IT DECODES EACH OP-CODE AND PERFORMS TEE ACTIONS

EXECUTE: PROC;
DO FOREVER;

DO CASE GET$OP$CODE;
/ CASE ZERO NOT USED */

/* 01: ADD '/
CALL ADD;

/I' 02: SUB */
DO;

SIGNOM( -* SIGNe(e) XOR 1;
CALL ADD;

EN D;
/* 03: MUL S/

DO;
DCL (1, 1) BYTE;
CALL sET$MULT$DIv;
BASE = .R;
CALL SRIFT$RIGHT(17);
BASE .R1;
CALL SHIFT$RIGHT(l);
DEC$PT2 = DECPTO + DTC$PT1;
I = le;
DO INDEX = 1 TO 9;

CALL MULTIPLT(R1(I := I - 1) AND OFH);
CALL MULTrPLY(S R(Rl(I),4));

END;
BASE = .R2;
CALL SHIFT$LEFT(17);
IF OVERFLOW THEN

IF (I :- CTR + DFC$PT2) < 17 THEN
DFC$PT2 = 0;

ELSE
DO;

DC$PT2 - X - 17;
OVERFLOW = FALSE;

END;
R]G$LENGTH - 10;
CALL CRECK$RESULT;

END;

/,' 04: DIV 
*/

CALL DIVIDE;
/* 05: NE *I

BRANCH$FLAG = NOT BRANCR$FLAG;
/4' 06: STP *

CALL STOP;
/4' 0?: STI 4'1

CALL STORE$IMMEDIATE;
/* 08: IT 0: /
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IF RTN$BASE < HI$FREE$MEM THIN
D;PROGRAM$COUNTER - RTN$PTR(O);

LOV$O71'SET - RTN$PTR(l);
HI$OFFSET = RTN$PTR(2);
RTN$BASE - RTN$BASE + 6;
CALL$TOP - CALL$BASE;
CALL$2BASE = CALL$PTR(g);

ENDr;
/* 09: END ~

DO;
IF NOT OVERFLOW THEN

DO;
BASE = .R2;
IF (DEC$PT2 - C$BYTE(@)) > 0 TEEN

DO;
CALL SHIFT$RIGRT(DEC$PT2-

C$BTTE(0));
DEC$PT2 - C$BYTE(O);

END;4
EL SE

DO;
CALL SffIFT$LFFT(C$PYTE(e)-

DECPT2);
DEC$PT2 = DEC$PT2 + cTR;

END;
CALL CHEC$RESULT;

END;

EN;CALL INc$PTR(l);

/* 10: RET *
DO;

IF CSADDR(O) 0> 0 THEN
DO;

A$CTR -C$ADDR(O);
C$ADDR(O) = 0;
PROGRAM$COUNTER = $CTR;

END;
ELSE CALL INC$PTR(2);

EN D;
/* 11: CLS *

D;CALL SET$1$O;
IT VRITE$MARK THEN

DO;
IF NOT SHR(CURRENT$FLAG,2) THEN

CALL VRIT!$BTTE(TEEMINATOR);
CALL VRITE$RECORD;

END;
ELSE CALL SETSDMA;
CALL CLOSE(C$ADDR(0));
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CURREN T$FLAG ,PCB$BTTE$A (FLAG$OFYSET) 0;
*i 4 CALL INC$PTR(2);

END;
/* 12: SIR ~

IF OVERFLOW THEN
DO;

CALL INC$PTR(3);
OVERFLOW FALSE;

END;
/* 13: BRN */

PROGRAM$COUNTER CWADR(0);
/* 14: OPN */

DO;
CALL OPEN$ILE(1);
CALL READ$RECoRD;

END;
/* 15: OPI */

CALL OPEN$FILE(2);
/* 16: 0P2 */

DO;
CALL OPEN$FILE(4);
CALL READ$RECORD;

END;
/* 17: RGT */

DO;
IF NOT SIGNO(2 THEN

BRANCH$FLAG =NOT BRANCHSFLAG;
CALL COND$3RANCH(O);

END;
/* 18: RLT */

DO;
IF SIGNO(2) AND NOT R2$ZERO THEN

BRANCH$FLAG a NOT BRANCH$FLAG;
CALL COND$BRANCE(0);

END;
/* 19: REQ */

DO;
17 R2$ZERO THEN

BRANCE$FLAG = NOT BRANCH$FLAG;
CALL COND$BRANCH(@);

END;
/* 20: INV */

CALL INCR$OR$BRANCH(INVALID);
/* 21: 10! *

CALL
INCR$OR$BRANCH(FCB$BTTE$A(EOP$FLAG$OFFSET));

/* 22: FAG */
DO;

DCL I BYTE;
CALL SET$I$O;
IF C$BTE(2) < 100 THEN
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DO I = 1 TO C$BTTY(2);

END; CALL RITE$BTTE(LF);

ELSE
CALL WRITETYTE(TOP$OJ7PAGE);

IF C$BTTE(3) = WT? "HEN
CONTROL$FLAG A&R E;

CALL INC$PTR(3);
END;

/* 23: ACC '/
CALL ACCEPT;

/* 24: STD */
DO;

TEMP - C$BYTE(3);
C$IBTE(3) = 0;
CALL DISPLAY;
CALL PRINT(.(LF,'OPERATOR ENTER A <CR> TO

CONTINUES'));
CALL PRINT(.(TAB,' OR ENTER AN "S" TOTERMINATE. $1) ;
CHAR = 

0;

DO WHILE (CHAR > CR) AND (CHAR > 'S');
CALL PRINT(.(CR,LP,'?$'));
CHAR = MON2(1,0);

END;
IF CHAR = CR THEN

DO;
PROGRAM$COUNTER = PROGRAM$COUNTER - 1;
C$BTTE(O) = TEMP;

END;
ELSE CALL STOP;

END;
/* 25: LDI */

DO;
C$ADDR(2) =
CONVERT$TO$BE(RES(C$ADDR(0)),C$BYTE(2)) + 1;

CALL INC$PTR(3);
END;

/* 26: DIS */
CALL DISPLAY;

/* 2?: DEC */
DO;

IF C$ADDR(0) <> 0 THEN
C$ADDR(O) CADDR() - 1;

IF C$ADDR(0) - 0 THEN
PROGRAM$COUNTER - C$ADDR(1);

ELSE CALL INC$PTR(4);
END;

/* 28: STO */
DO;

CALL STORE$NUMERIC;
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/* 9: T1 ND;CALL INC$PTR(4);

DO;
CALL STORENIJMERIC;
CALL SZT$ZONE(EES(CSADDR(O)));

END;
/* 30: ST2 *I

DO;
CALL STORE$NUt'ZRIC;
CALL S2T$ZONl(RES(C$ADDR(0)) + C$BYTE(2) -1);

END;
/* 31: ST3V

DO;
CALL CHICK$DECtMAL;
BASE = RZS(C$ADDR(0)) + C$BYTE(2) 1;
CALL STORP$AS$CffAR(C$3T(2) -1)
CALL SET$SIGN$SFP(RES(C$AIDR(0)));

END;
/* 32: ST4 V/

DO;
CALL CHECK$DECIMAL;
BASE - ES(C$ADDR(0)) + C$BDT(2) -2;

CALL STORE$AS$CHAR(C$BYTE(2) - 1);
CALLL SIT$SIGN$SEP

(RTS(C$ADDR(0)) + C$BTTE(2) - 1);
IND;

/* 33: M~ V
DO;

CALL CHECK$DECIMAL;
IF SIGNO(2) - 0 THEN

R2(9) - R2(9) OR 01H;
IF C$BYTE(4) o> SR OR NOT OVERFLOW THEN

DO;
CT! - C$ETZ(2) / 2 + 1;
CALL MOVE

IN;(.12 + 10 - CTR,RES(C$ADDR(@)),CTR);

CALL INC$PTR(4);
END;

/P 34: LOD */
CALL LOAD$NUM$LIT;

/* 35: LD1 *
CALL LOAD$NUMIRICo

/* 36: LD2 DO;

HOLD - RES(CADDR(O));
IF ClZCK$FOR$SIGN(Hf$BTTE(o)) THEN

DO;
CALL SZT$LOAD(POSITIVE);
CALL LOAD$NUMBERS(C$ADLR(0) ,CSDTTE(2));
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EN D;
ELSEI

DO;
TEMP - $RMTK(0);
CALL SET$LOAD(NEGITIVI);
CALL LOAD$NUMBERS

(C$ADDR(e) + 1,C$BYTE(2) 1 );
CALL LOAD$A$CHAR(TEMP - ZOKE);

END;
IND;

/* 37: LD3 *
DO;

DCL I BYTE;
HOLD - RES(c$ADDE())
IP CEECC$FOR$SICN(

CTE :- S$BTTE(I :- C$BTTE(2) W ) THEN
DO;

CALL SET$LQAD(POsITIVE);
I = I + 1

IND;
ELSE

DO;
CALL SET$LOAD(NEGITIVE);
CALL LOAD$A$CHAR(CTR - ZONE);

EN Dt
CALL LOAD$NUMBERS (C$A DD (0), I);

END;
/* 38: LD4 '

DO;
HOLD - RFS(C$ADDR(9));
IP (M$YTE(0) a -+.-) THEN

CALL SET$LOAD(POSITIVE)*t
ELSE CALL SET$LOAD(NEGITIVE);
CALL LOAD$NUM.DEES(C$ADDR(O) + 1

C$BYTE(2) - 11;
END;

/* 39: LD5 */
DO;

HOLD - RES(C$ADDR(O));
IF I$BTT(C$BYTE(2) - 1) -' TEEN

CALL SKT$LOAD(POSITIVE);
ELSE CALL sET$LOAD(NIGITIVE);
CALL LOAD$NUMBEBS(C$ADDR(0),C$BYTE(2) -1);

IND;
/* 40: LD6 *

DO;
DCL I BYTE;
HOLD *RES(C$ADDB(O));
IF R$BYTI (I :- C$EYTI(2) /2) TEIN

CALL SET$LOAD(NFGITIVI);
ELSE CALL SET$LOAD(POSITIVE);
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BASE -BASE + 9-1;
DO CTR - 0 TO 1;

B$BYTE(CTR) =H$BTTE(CTR);
END;
BtTTE(I) - B$?YTE(I) AND MR;E
CALL INC$PTR(5);

END;
/* 41: PER */

DO;
BASE - C$kDDR(l) + 1;
BSADDR(O) = CtkDDR(2);
PROGRAM$COUNTER = C$ADDR(O);

EN D;
/* 42: CNU ~

CALL COMP$NUM$UNSIGNED;
/* 43: CNS '

CALL COMP$NUM$SIGN;
/* 44: CAL *

CALL COMP$ALPHA;
/* 45: RVS '

DO;
CALL SET$I$O;
IF NOT SER(CURRENT$FLAG,2) THEN

CALL FATAL$ERROR( 'V6');
17 NOT FCB$2BYTE$A(EO?$!'LAG$O??SZT) TEEN

CALL REVRITM$EQ(1);
CALL INC$PTR(6);

END;
,'* 46: DLS */

DO;
CALL SET$I$O;
IF NOT SE(CURRENT$FLkG 2) TEEN

CALL FATAL$ERROR( 'ye');
IF NOT FCB$BYTE$A(EOF$FLAG$OFFSET) TEEN

CALL REVWRITE$SEQ(a);
CALL INC$PTR(6);

END;
/* 47: RDF */

DO;
CALL SET$I$O;
17 NOT CURRENT$FLAG THEN

CALL FATAL$ERROR( W5');
IF NOT FCB$BYTE$A(EOF$FLAG$OFFSET) TREN

CALL READ$TO$MEMOEY;
CALL INC$PTR(6);

END;
/* 4S: WT? */I

DO;
I? C$BYTE(6) a PAG TEEN

CONTROL$1AG -TRUE;
CALL SET$Z$O;
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17IF NOT SHR(CURRENT$FLAG,)TE
CALL FATAL $ERROR ( 'V)

CALL VRITE$FROM$MEM'ORY;
CALL INC$PTR(6);

EN;CONTROL$FLAG -FALSE;

D;
I' 4: RL ~DO;CALL READ$VARIABLE;

CALL INC$PTR(6);
END;

/* 50: WVL*
DO;

CALL WRITE$VARIABLE;
CALL INC$PTR(6);

IND;
/* 51: SCR *1

DO;
SUBSCRIPT(C$BYTZ(?)) - C$ADDR(a) + CSADDP(l)*

(CONVERT$TOSHZX(C$ADDR(2),C$BYTE(6)) - 1);
CALL INC$PTR(8);

/* 52: SGT END

CALL STRINGICOMPARE(l);
/* 53: SLT *

CALL STRING$COMPARE(g);

/* 54 SEQ CALL STRING$COMPARE(2);
/* 55: MOV

DO;
CALL MOVE(RES(C$kDDR(l)),RES(C$ADtE(.))I

C$AtR(2));
IF C$ADDR(3) 0> 0 TEEN

DO;
CALL FILL(RES(CSADDR(e)) + C$AD(2).

C$ADDR(3) ,FILLEB);
IND;

CALL INC$PTR(B);
END;

/* 56: RRS *
DO;

DCL H$FLkG BYTE;
ff$FLAG - TRUE;
CALL SET$I$0;
1F SHR(CURRENT$PLAG,l) THEN

CALL PATAL$ERROR( 'vs');
DO VII (NOT FCP$BYTE$A(EOF$FLAG$OPPSET))

AND H$YLAG;
BMFAG - FALSE;
CALL SET$RELATIVE$KET;
CALL RlAD$TO$MItMORY;
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IF M$YTE(0 a R!GH$VALUI TRIN
1$?LA0 - TRUE;

IND;
CALL INC$PTR(9);

ENID;
1* 57: VHS $

DO;
CALL SET$I$O;
17 NOT SER(CUJRRENT$FLAG,l) THEN

CALL PATAL$ERROR C'Vi ');
CALL CEECK$DIJFRUUNCE;
CALL SET$RE.LkTIVZ$ KZT;
CALL WI! TL$FROM~$MEAOiT;
CALL !NC$PTR(9);

END;
/* 58: HER DO;

CALL SET*I$O;
IF SER(CURRYNTMFAG.,1) THENf CALL PATAL$ERROEC 'W5');
CALL SET$RAN$POINTERt;I IT NOT INVALID THEN

CALL READ$TO$MEMORY;
IF INVALID THEN

7C3$3TTE$A(POT$FLA$OFSE'r") FALSF;

CALL INC$PTR(g);
IND;

/* 59: WEE *
DO;

DCL DIFFERENCE ADDRESS;
CALL SET$I$O;
IT SER(CURRENT$FLAG,l) TEEN

DO;
CALL CHElCK$DIFFEEEN Cr;
CALL SETSRZLATIVE$KZT;
CALL VEITZ$YROM$r.EMOBY;

IND;
ELSE

DO;
IT SHR(CURNT$PLAG,2) THEN
DO;
CALL SET$RAN$POINTER;
IF NOT INVALID THEN

IF (uSRTTE(1)) - HIGESVALUE THIN
DO;

REVEITESYLAG a TRUY;
FCB$BYTZ$A(RPC$NO)a

FCB$BT$A(EC$NO) 1
CALL VRITI$FRoM$M~TMOEY;
REVRITE$LAG *FALSE;

IND;
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ELSE CALL FkTAL$FRROR('W4');
ILSE CALL FATAL$ERNOR('W3');

END;
END;

CALL INC$PTR(9);

/5 60: EVE EN D;

DO;
CALL SIT$IO;
1F NOT SHR(CURRENT$FLAG,2) THIN

CALL FATAL$ERROR( 'we');
REVRITE$FLAG - TRUE;
CALL BACKWORECORD;
IF NOT INVALID THEN CALL VEITE$FROMSMEMORT;
REWRITE$FLAG = FALSE;
CALL INC$PTR(g);

END;
/* 61: DL! 5

DO;
CALL SET$I$O;
IF NOT SHR(CURRENT$FLAG,2) THEN

CALL PATAL$ERROR( 'W6');
CALL SET$RAN$POINTER;
REVRITE$FLAG - TRUE;
IF NOT INVALID THEN

DO;
FCB$BYTE$A (REC $NO)=

FCEBTtE$A(RECtNO) 1;
CALL vRT$EMPTT$REC;

EN D);
llE*RITE$FLAG = FALSE;
CALL INC$PTR(9);

END;
/* 62: MED 5

DO;
HOLD - RES(C$ADDR(@));
CALL MOVE(RES(C$ADDEG3)),HOLr,C$ADDR(4));
BASE - RES(C$ADDR(1));
CTlCTR1 - 0;
DO VEILE (CTR1 < C$ADDR(2))

AND (CTR < CsADDR(4));
CALL CHICK$EDIT(H$BYTE(CTE));

END;
Do VEILS CTR < C$ADDR(4);

IF E$BYTE(CTh) n 'X' OR
If$BTTE(CTR) a 'A' OR
H$BYTE(CTR) a '9' THEN

H$BYTE(CTR) - FILLER;
ELSE IF H$BET(CTR) -'B' THEN

HSET(CTR)-
CTR -CTR + 1;
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IN D;
~ CALL INC$PTR(10);

END;
/* 63: MN! *

CALL MoYE$NUM$EDITED;
/* 64: SBR *

DO;
RTN$3ASE - STOWES 6;
RTN$PTR(g,) - PROGRAM$COUNTER 6 ;
RTN$PTR(l) = LOW$orFSE;
RTN$FTR(2) - RI$oFFSET;
LOV$OFFSET a CSADDR(l);
fI$OFJSET - C$ADDR(2);
P!OGRAM$COUNTSR =CAD()

END;
1' 65: GDP ~

DO;
DCL OFFSET BYTE;
OFFSET - CONVERT$OSHI(PES(C$ADDR(1)).

C$BYTE(l));
IF OFFSET > CWPTE(0 OR OFFSET < 1 TEEN

DO;
CALL PIINT$IRPOR('GD');
CALL INC$PTR(SEL(C$BYTE(O),l) + 4);

LPND;
ELSE PROGRAM$COUNTER - C$ADDR(0FFSET + 1);

END;
/* 66: PAR ~

DO;
SOLD = CALL$TOP;
CALL$TOP - CALL$TOP + SEL(C$ADDR(O),1) + 2;
IT CALL$TOP > RTN$BASF - 7 THEN

CALL FATAL$ERROR( 'Ca');
H$ADDR(0) - CALL$BASE;
DO CTR - 1 TO C$ADDF(a);

H$ADDR(CTR) a RES(C$ADDR(CTR));
,END;
CALL$BASE a HOLD;
CALL INC$PTR(SHL(C$ADDR(0),1) + 2);

IND;
END; /*IP ND OF CASE STATEMENT '

END; /* END OF DO FOREVER *
END EXECUTE;

* * ** PROGRAM EXECUTION STARTS HERZ ***~

CALL MOTE(0@FCR, .HI$FRtE$MlMv4);
III$Flfl$tAFM -MAX$MEMORY - EI$FRPE$MEM;
LOV$7FRIE$MEM -CODE$START + LOWSFRKE$MEM *2;
RTN$BAS! a Rl$?RElsMEM;
CALL$TOP,CALL$BASE LOV$FRII$MttO;
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CALL PRINT(.(VNPS MICRO-COBOL INTERPRETYR VERSION 2.0$'));
CALL PRINT(. EXECUTION BEGINS$'))
BASE - CODISTART;
PROGRAM$COUNTnl- B$ADDR(B);
CALL EXECUTE;
END;
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COMPUTER LISTING FOR MODULE READER NPS MICRO-COBOL

""L $ TITLE('NPS MICRO-COBOL COMPILER READER') PAGEVIDTH(80)
PAGELENGTR(OO)

f READER: DO;

COBOL COMPILER - READER

NORMALLY LOCATED AT B@OER /

GLOBAL DECLARATIONS AND LITERALS */

/* THIS PROGRAM IS LOADED IN WITH THE PART I PROGRAM
AND Is CALLED VEN PART 1 IS FINISHED. THIS PROGRAM
OPENS TEE PART2.COM FILE THAT CONTAINS TE CODE TOR
PART 2 01 THE COMPILER, AND READS IT INTO CORE. AT
THE END OF THE READ OPERATION, CONTROL IS PASSED TO
THE SECOND PART OF THE PROGRAM. /

DECLARE
LIT LITERALLY 'LITERALLY',
ADDR ADDRESS INITIAL(109H),
DCL LIT 'DECLARE',
FCl(33) BYTE INITIAL(.'PART2 COM'.

I ADDRESS,
PROC LIT 'PROCEDURE',
START LIT oloPH';

MONI: PROC(F,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON1I

MON2: PROC(F,A) BYTE EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON2;

BOOT: PROC EXTERNAL;
END BOOT;

OPEN: PROC(FCB) BYTE;
DCL ECB ADDRESS;
RETURN MON2(15,FCB);

END OPEN;

READ: PROC(ADDR) BYTE;
DCL ADDR ADDRESS;
CALL MONI (26,ADDR); /* SET DMA ADDRESS */
RETURN MON2 (20,.7C); /* READ, AND RETURN ERROR CODE */

END READ;
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* ERROR: PROC(CODI);
DCL CODE ADDRESS;
CALL MON1(2,(.RIGR(CODE)));
CALL MON1(2,(LOW(CODZ)));
CALL BOOT;

END ERROR;

PROGRAM EXECUTION STARTS HERE

CALL I"ON1 (26,0100R);
17 OPEN(.JC3) -255 TEEN CALL ERROR('02');

DO VIILT READ(I) - 0
I - r +. osm

END;
CALL MONI (26, 0080!); /* RISET DMA ADDRESS '
CALL ADDR;

EN D;
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COMPUTER LISTING FOR MODULE BUILD NPS MICRO-COBOL

$ TITLE('NPS MICRO-COBOL COMPILER BUILD') PAGEWITW(eW)
PAGELFN"TE(60)

BUILD: DO;

COBOL COMPILER - BUILD

NORMALLY LOCATED AT 10mH

/* GLOBAL DECLARATIONS AND LITERALS */

/* THIS PROGRAM TkKES THE CODE OUTPUT FROM THE COBOL
COMPILER AND BUILDS THE ENVIRONMENT FOR TPE COBOL
INTERPRETER */

DECLARE
LIT LITERALLY 'LITERALLY',
TRUE LIT 41',
ADDR ADDRESS INITIAL(100H),
BASE ADDRESS,
B$ADDR BASED BASE ADDRESS,
B$BTT BASED BASE (4) BYTE,
BOOT LIT '0',
PUTJ$END LIT "0eR
CHAR BASED ADDR BYTE,
CODE$CTR ADDRESS,
CSADDR BASED CODE$CTR ALERESS,
C$BTTE BASED CODF$CTR BYTE,
CODE NOT$SET BYTE INITIAL(TRUE),
CUR$STM ADDRESS,
DCL LIT 'DECLARE',
EXT LIT "OSE'
FALSE LIT 00',
7CR ADDRESS INITIAL(5CH),
FCB$PTTE BASED FCB BYTE.
FCB$BTTE$A BASED FCB (33) BYTE,
?ILT$TYPE (*) BYTE DATA( .CIN$'),
FOREVER LIT 'WRILE TRUE',
FREE$STORAGE ADDRESS,
RASV$MASK BYTE INITIAL(OFE),
I BYTE,
INTERP$ADDRESS ADDRESS INITIAL(3500H),
INTERP$CONTENT BASED INTERP$ADDRESS ADDRESS,
INTIRP$FCB(33) BYTE INITIAL(@,'CINTERP COP',

I$3TT BASED INTERP$AEDRESS (2) PYTE,
'II$OFPST ADDRESS INITIAL(0),
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LOV$077SET fDDRESS INITIAL(00H)v
LOADED LIT 010E",
MAWMPORY ADDRESS INITUI(C8e),l
NlIT$SYM ADDRESS,
NIXT$SYM$ENTRY BASED NTXT$SYM ADDRFSS,
POINT ADDRESS,
COLLISION BASED POINT ADDRESS.
PROC LIT 'PROCIDUBF',
Pioc tNAmp (e) PTTE,
REAMERSOCATION ADDRESS rNITIAL(lC805),
STP LIT'0K
STJB$TLAG BYTE INITIAL (FALSE),
SYMBPOL BASED CUR$SYM (1) BYTE,
SYMBOL$kDDR UASED CUBR$SYM (1) ADDRESS,
TOPtOFtMEMORT ADDRESS INITIAL(0OBIZOE);

M'ONl: PROC(FA) EXTERNAL;
DCL F' BYTE, A ADDRESS;

END MON1;

M0N2: PROC(F,A) BYTE EXTERNAL;
"CL F RYTZ, A ADDRESS;

END MON2;

PRIt4TSCAR: PROC(CEAR);
DCL CRAR BYTE;
CALL MONi (2,CI!AR);

END PRINTSCBAR;

CRLF: PROC;
CALL PRINT$CRAR(13);
CALL PRINT$CRAR(10);

END CRLF;

PRINT: rRoc(A);
DCL A ADDRESS;
CALL tow1(gtk);

END PRINT;

PRINT$NAME: PROC(ADDR);
DCL ADDR ADDRESS;
BASE a ADDR;
I - 255;
CALL CRLF;
DO VRlLT(B$3YTE(I :0 1 1) 0 ' )AND (I < 8);

CALL ?RINT$CFAR(B$BYTE(I ));
END;

END PRINT$t4AMIE

OPEN: PROC(A) BYTE;
DCL A ADDRTSS;f
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RETURN MON2(15,A);
END OPEN;

CLOSE: PROC(FCB);
DCL PCI ADDRESS;
IF MON2(16,FCB) = 255 THEN

DO ;
CALL CRLF;
CALL PRINT(.('CLOSE ERROR ON MODULE $1);
CALL PRINT$NAME(MCB + 1);

END;
END CLOSE;

REBOOT: PROC
ADDR = BOOT;
CALL ADDR;

END REBOOT;

FATALS$RROR: PROC(REASON);
DCL REASON ADDRESS;
CALL CRLF;
CALL PRINT$CRAR(HIGR(REkSON));
CALL PRINT$CHAR(LOW (REASON));
CALL PRINT$NAME(FCB + 1);
CALL PRINT(.FIL!$TTPE);
CALL REBOOT;

END FATALSERROR;

MOVE: PROC(FROM, DEST, COUNT);
DCL (?ROM,DEST,COUNT) ADDRESS,

(F BASED FROM,D BASED DEST) BYTE;
DO WHILE(COUNT := COUNT - 1) 0> OFEFF;

D = F;
FROM = FROM + 1;
DEST = DEST + 1;

END;
END MOVE;

PILL: PROC(ADDR,CBAR,COUNT);
DCL ADDR ADDRESS,

(CHAR,COUNT,DEST BASED ADDR) BYTE;
DO WHILE (COUNT :- COUNT - 1) > OFFH;

DEST - CHAR;
ADDR - ADDR + 1;

END;
END FILL;

GETtCRAR: PROC BYTE;
IF (ADDI :- ADDP + 1) >- BUYTEND THEN

DO;
IF MON2(20,FCB) > 0 THEN
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DO;
CALL CRLF;
CALL PRINT(.VETND OF INPUTt'));
CALL REBOOT;

END;
ADDR = 80Hf;

END;

RETUYRN CHAR;

END GET$CHRAR;F
CHAR = G!-T$CEAR;

END NEMTCHA!;

STORE: PROC(COUNT);
DCL COUNT BYTE;
IF CODYtNOT$SET THEN

DO ;
CALL CRLF;
CALL PRINT(I('CODE EPRORY));
CALL NEXT$CHAR;
PETURN;

END;
DO I - 1 TO COUNT;

C$BTTE = CHAR;
CALL NEXT$CPAR;
CODE$CTR = CODEtCTR + 1;

END;
END STORY;

INIT$LOAD$TABLE: PROC;
FREE$STOPAGE = .MEMORY;
CALL FILL(FREE$STORAGE.0,34);
HIMTM = FREE$STORAGE + 32;
NEIT$STM$ENTRY = 0

END INITtLOAD$TALF;

BUILD$SYMBOL: PROC;
DCL TEMP ADDRESS;
TEMP - NUXT$SYM;
IF (NEYT$SYM := STMBOL(17)) > MAX$MEMORY TEIN

CALL PATAL$ERROR( 'PS');
CALL FILL(TEMP,0,17);

END PUILr$STMBOL;

MATCE: PROC;
DCL (HOLD,r) BYTE;
HOLD -0
Do i- TO?7;

HOLD = HOLD + PROC$NAME(I);
END;'
POINT - FREl$STORAG? + SHL((HQLD AND HASH$MASK).1);
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DO FOREVIR;
IF COLLISION -0 TR!N

DO;
CUR$STM.COLLISION = NIXT$SYM;
CALL BUILD$SYMOL;
DO I a 0 TO 7;

SYMBOL(I + 8) = PROC$NAMF(I);
END;
RETURN;

END;
ELSE

ro;
CUR$SYM = COLLISION;
I 0

tO VEILE SYMBOL(I + 8) = PROCtNAMF(I)'
I? (I := I +1) >7 THEN

Do;
CUESSYM =COLLISION;
RETURN;

IND;

END;
POINT - COLLISION;

END;
IND MATCH;

STUFF: Pnoc;
DCL (HOLDTEMP) ADDRESS;
HOLD = STr"30L$ADDR(1);
BASE - .TEMP;
B$BTTE(O) - GETSCEAR;
ESETT(I) = GET$CHAR;
SYMBOLIADDE(l) = CODE$CTR + TFMP - INTFRP$ADDRESS;
DO WHILE HOLD 0> 0;

BASE - HOLD;
FOLD = B$ADDR;
DO I - 1 TO 3;

BDDM = SYMBOL$ADDP(I);
EASE - BAST + 2;

END;
CODEUCTR - SYMBOLIADDR(l);

END STUFF;

COMPUTESOFESETS: PROC;
DCL TEMP ADDRESS;
BASE - .TEMP;
BIBYTE(O) = GET$CHAR;
B BTTE (1) = GET$CHAR;
HI$OFTFSET = NISOFYSET + (TOPSOFMEMORT - TEMP +1);

LOW$OYFSET aCOD!$CTB - INT!RP$ADDRESS - 2;
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END COMPUTE$OFFSETS;

SUBR: PROC*
DCL I BYTE;
CALL STORE(l);
DO!I- 0 TO 7;

PROC$NAME(I) -CHAR;

CALL NZT$CFAU;
END;
CALL MATCH;
DO I - 1 To 3;

C$ADDR = SYMPOL$ADDR(I);
CODE$CTR = CODE$CTR + 2;

END;
IF SYMBOL(LOADED) =0 THEN

STMBOL$ADDR(1) =CODI$CTR -6;

END SUBR;

GO$DEPrNDIN-: PROC;
CALL STORE(l);
CALL STORE(SHL(CFAR,1) 4);

END GOSDEPENDINO;

PARAMETERS: PROC;*1 CALL STORE(1);
CALL STORE(SHL(CHAR,1) + 2);

END PARAMETERS;

EACK$STEJFF: PROC;*1 DCL (HOLD,STUPF) ADDRESS;
BAS? - .HOLD;
DO I1-0 TO 3;

EN; $ETEI(I) a GETSCEAR;

DO FOREVER;
BASE - HOLD + LOW$0FFSET;
FOLD - B$ADDR;
E$ADDR *STUFF;
IF HOLD 0 THIN

DO;
CALL NEXT$C.HAR;
RETURN;

END;
END;

END EACK$STUFF;

INITIALIZT: PROC;
DCL (COUNT,WRERE,1!OW$MANY) ADDRESS;
BASE - WVHERE;
DO I - 0 TO 3;

E$ETT(I) - OET$CHAR;
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END;
IF WHERE > TOP$OFSMIMORY -HI$OFFSET TFEN

BAST - WHERE - HI$OFFSET - 1
ELS F

BASE - WHERE + LOW$OPFSET -1;

DO COUNT - 1 TO ROW$ANT;
P$BTTI(COUNT) =GET$CRAR;

IND;
CALL NExT$CPAR;

END INITIALIZE;

TERMINATE: PROC;
DCL I BTT!, TEMP ADDRESS;
IF SUB$FLAG THEN C$BTE - KIT;
ELSE C$BTTI - STP;
CODE$CTR - CODF$CTP + 1;
I - OFF;
CALL PRINT$NAME(FCP + 1);
CALL PRINT(.(' LOADED$'));
SUBMDTAG - FALSE;
DO I -0 TO 15;

POINT - FREESTORAGE + 2 1;
DO WHILE COLLISION 0> 0;

CUR$SYM -COLLISION;
IF STMBOL(LOADED) = 0 THFN

Do;
CODE$NOT$SET",SYMDOL(LOADED),SUBSYLAG

TRUE;
CALL COMPUTEtOFFSETS;
STMBOL$ADDR(2) = LOW$OTFsET;
SYM3OL$ADDR(3) - HI$OFrsrT;
CALL CLOSE(TC);
CALL MOVE(.STMBOL(S),FCB + ,)
TCB$BYTF$A('32) = 0
CALL TILL(FCD + 1,,)
ADDR - lO;
IT OPTN(TCB) = 255 THEN

CALL FATALERPOW OP');
CALL ,EXT$CW!AR;
PETURN;

YND;
POINT - COLLISION;

END; /* DO WHILE COLLISION 0> S
END; /* DO I - 0 TO 15 *

END TERMINATE;

START$CODT: PROC;
CODEPINOT$SIT - FALSE;
IT SUB$FLAG THEN CALL STUFF;

DO;
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I$BYTE(O) - GET$CHAR;
I$PYTE(1) - GET$CHAR;

IND; COD!.CTR = INTERP$CONTENT;

CALL NEXT$CHAR;
END START$CODE;

BUILD: PROC;
DCL
F2 LIT '9,

73 LIT '10',
14 LIT '22'
75 LIT '26'
7e LIT '34'
F7 LIT '41'
F8 LIT '51',
F9 LIT '51',
F10 LIT '56',
Il LIT '62',
F12 LIT '63",
?13 LIT 063',
SBR LIT '64'
GDP LIT '65',
PAR LIT '66',
INT LIT '6,?'

EST LIT '68',
TEE LIT '69',
SCD LIT '70";

DO FOREVER:
I? CHAR < F2 THEN CALL STORE(J);

YLS? I? CHAR < 73 TUEN CALL STORE(2);
ELSE IF CHAR < F4 THEN CALL STORE(W);
ELSE I? CHAR < F5 THEN CALL STORE(4);
ELSE I? CHAP < 76 THEN CALL STORE(5);
ELSE IF CHAR < F7 THEN CALL STORE(6);
ELSE I? CHAR < 78 THEN CALL STORE(?)
ELSE IV CHAR < F9 THEN CALL STORE(e);
ELSE IF CHAR < Fe THEN CALL STORE(9);
ILSE IT CHAR < Ill THEN CALL STORE(10);
ILSE IT CHAR < F12 TFEN CALL STORE(11);
ELSE IF CHAR < 713 THEN CALL STORE(12);
ELSE I I CHAR < SBR TSEN CALL STORE(13);
FILSE I? CHAP = SBR THEN CALL SUR;
ELSE IT CHAR - GDP THEN CALL GOSDEPENDING;
TLSE I. CHAP - PAR THEN CALL PARAM TERS;
ELSE IF CHAR - 1ST THEN CALL BACK$STUFF;
ELSE IF CHAR - INT THEN CALL INITIALIZE;
ELSE IT CHAR a TEE TEEN

DO;
CALL TERMINATE;
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t 17 NOT SUB$FLAG THEN

I I DO;CALL COMPUTEtOFFS ETS;
t CALL CLOSE(ECB);

RETURN;
END;

IND;
ELSE I? CHAP SCD THEN CALL STARTCODF;
ELSE

DO;
CALL CRLY;
CALL PRINT(.('LOAD ERROR$'));
CALL NEXT$CFAR;

* IND;
END;

END PUILD;

/* PPOGRAM EXECUTION STkRTS SERE ~

CALL CRLF;
CALL PRINT(.('NPS MICRO-COBOL LOADER VERS 2.0$'));
FCB$BYTE$k(3?) -=0
CALL MOVE(.('CIN'I0,0,0.O).FCB + 9.?);
IF OPEN(ECB) - 255 TEEN

DO;
CALL CRLF;
CALL PRINT$NAME(JCB + 1);
CkLL PRIMT.FILE$TYPT);
CALL RIBOOT;

END;
CALL NEXT$CEAR;
CALL INIT$LOAD$TABLT;
CALL BUILD;
CALL MOTEC .INTERP$FCBtFCB33);
ECl$BYTT$A(32) - 0
17 OPEN(FCB) - 255 THE#

DO;
CALL CILF;
CALL PRINT(.('CINTERP.COM NOT POUND r )
CALL RYBOOT;

END;
CALL MOVE(RIADER$LOCATION, SOB, SOP);
CALL MOVI( .R!$OFFSIT,@lPCE,4);
ADDR - esif;
CALL ADD!; /* BRANCH TO 801 *
END;
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COMPUTEN LISTING FOR MODULI INTRDR MPS MICRO-COBOL

$ TITLE('NPS MICRO-COBOL COMPILER INTRDR') PAioVIDTH(eO)
PAGELINGT (66)

INTRDR: DO;

/0 COBOL COMPILER - INTRDR ,/

1' NORMALLY LOCATED AT 86 H *1

GLOBAL DECLARATIONS AND LITERALS

/* THIS PROGRAM IS CALLED BY THE BUILD PROGRAM ATER
CINTERP.COM HAS BEEN OPENED, AND READS THE CODE INTO MEMORY* /

DYCLARE
LIT LITERALLY 'LITERALLY',
DCL LIT 'DECLARE',
I ADDRESS INITIAL (6e086),
INTERP ADDRESS INITIAL(100B),
PROC LIT 'PROCEDURE",
START LIT "iei';

MON1:PROC(F,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END rON1;

MON2: PROC(F,A) BYTE EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON2;

DO WHILE 1;
CALL MONI (26,(1 := I + 068H0)); /* SET DMA ADDRESS '/
IF MON2 (20,5C) <> 0 THEN

CALL INTERP;
IND;

END;
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COMPUTER LISTING FOR MODULE DTCODE NPS MICPO-COBOL

$ TITLI(NPS MICRO-COBOL COMPILER DECODE') PAGFwIDT?(ee)
PAGELENGTE(60)

DECODE: DO;

COBOL COMPILER - DECODE

NORMALLY LOCATED AT 103E /

/* GLOBAL DECLARATIONS AND LITERALS

/* TFIS PROGRAM TAKES THE COrE OUTPUT FROM TEE COBOL
COMPILF'R AND CONVERTS I? INTO A READABLE OUTPUT TO
FACILITATE DEBUGGING */

DECLARE DCL LITERALLY 'DECL.RE",
LIT LITERALLY 'LITERALLT',
ADDR ADDRESS INITIAL (1030),
BUFFSEND LIT 'FFE",
BTTE$COUNT ADDRESS INITIAL(O),
?YTE$HI BYTE,
?YTE$LOW BYTE,
CRAR BASED ADD. BYTE,
CtADDR BASED ADDR ADDRESS,
?C3 ADDRESS INITIAL (5CH),
CB$BYTE BASED 7CB (1) BYTE,
7ILE$TTPE(*) BYTE DATA ('CIN'),
I BYTE,
PROC LIT "PPOCVDURE';

MONI: PROC (F,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON1;

MON2: PROC (F,A) BYTE EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON2;

BOOT: PROC EXTERNAL;
END 3OOT;

PRINTtCFAR- PROC(CHAR);
rCL CHAR BYTE;
CALL MONI(2,CHAR);

END PRINT$CHAR;
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t~.. CRLF: PROC;
CALL PRINT$CEAR(13);
CALL PRINT$CHAR(10);

END CRLF;

P: PROC(ADDI);
I)CL ADD1 ADDRESS, C BASED ADDi (1) 3YTT;
CALL CRLF;
DO I - 0 TO 2;

CALL PRItT$CRAR(C(l))8
END;
CALL PRINT$CEAR(' )

END P;

GET$CEAR: PROC BYTE;
IT (ADDR :- ADD! + 1) > BUFF$END THEN

DO;
IF MON2(20,FCB) 0> 0 TEEN

DO;
CALL P(.URZND'));
CALL BOOT;

END;
ADD!, - e

END;
RETURN CHAR;

END 0MTCFAR;

D$CEAR: PROC (OUTPtT$T$RTE);
DCL OUTPUT$3YTI BYTE;
IF OUTPUTSBTTE < 10 THEN

CALL PRINT$CEAR(OUTPUTSBYTE + * )
ELSE

CALL PRINT$CFAR(OUTPUT$ITT! + 37H);
IND D$CHAR;

D: PROC (COUNT);
DCL(COUNT,J) ADDRESS;
DO J-1 TO COUNT;

CALL D$HAR(SHR(GETCRAR,4));
CALL D$CHAR(CRAR AND @!E);
CALL PRINTSCHAR(' )

END;
END D;

PRINT$REST: PROC;
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DCL
,2 LIT "9',
73 LIT '10',
74 LIT '22',
F5 LIT '26',
76 LIT '34',
F? LIT '41',
78 LIT '51,
F9 LIT '51',
F1 LIT '56',
11 LIT '62',

F12 LIT '63',
SSR LIT '64',
713 LIT '63',
GDP LIT '65',
PAR LIT '66',
INT LIT '6?'
BST LIT 66',
TE! LIT '69'
SCD LIT "70'i

IF CIAR < 72 TFEN RETURN;
IF CHAR < 73 T.EN DO; CALL D(1); RETURN; ENr;
I? CHAR < ?4 TEEN DO; CALL D(2); RETURN; END;
IF CFAR < 75 TEEN DO; CALL D(3); RETURN; END;
IF CHAR < F6 TFEN DO; CALL D(4); RETURN; END;
I? CRAP < 7? TEN DO; CALL D(5); RETURN; END;
I CFAR < F8 THEN DO; CALL D(e); RETURN; END;
IF CFAR < 79 TEEN DO; CALL ('?); RETURN; END;
I. CHAR < ?10 THEN DO; CALL D(8); RETURN; END;
IV C.AR < 7ll TEN DO; CALL D(9); RETURN; END;
IF CHAR < F12 TEEN DO; CALL D(10); RETURN: END;
IF CHAR < P1 TRYN DO; CALL D(11); RETURN; END;
IF CHAR < SBR T.EN DO; CALL D(12); RETURN; END;
IF CHAR - SBR TREN DO; CALL D(8): RETURN; END;
I? CHAR - GDP THEN

DO;
CALL D(1);
CALL D(SHL(CHAR.1) + Z);
RETURN;

END;
I? CHAR - PAR THEN

DO;
CALL D(1);
CALL D(SHL(CHAR.1) + 1);
RETURN;

END;
IF CHAR - INT THEN

DO;
PYTE$COUNT -;
CALL D(Z);
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BYTT$LOW CHAR;
CALL D(1);
BYTE$EI = CHAR;
BYTW$OUNT - BYTEsHI;
BYTI$COUNT -SHL(BYTEtCOUNT.8) B TTE$LOV;
CALL D(BYTESCOUNT);
RETURN;

END;
IF CHAR = BST THEN

DO;
CALL D(4;
RETURN;

END;
17 CIFAR = TER TFPN

DO;
CALL D(2);
CALL P(.VEPND')l;
CALL BOOT;

'END;
IF CRAP = SCD TFIN

DO;
CAlfL D(2);
RETURN;

CALL P.'x''
END PRINT$!ST;

/* PROGRAM 1XECUTION STARTS EERE *

YCB$BTTE(32), FCB$BYTE(O) =-e
DO 1-0 TO 2;

EFND; 5,C)-5 THEN DO; CALL P(.('ZZZ18)

CALL BOOT; END;

DO VEIL! 1;
IT GET$CRAR <= 70 THEN DO CftSE C11AP;

/* CASE 0 NOT USED *
CALL P( .('ADD'));
CALL P(. 'SUB') );
CALL P(.('MUL'));
CALL P(.('DIVI));
CALL P(.('N!G'));
CALL P(.('STP'));
CALL P(.('STI' );
CALL P(.'ET));
CALL P(.('RND'));
CALL P(.('RIT'));
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CALL P(.('CLSI));
4k ~ CA LL P(:(DSED));

CALL P(.UIBRH'))
CALL P(.('OPN'));
CALL P(.('oPl'));
CALL P(.('0P2'));
CALL P(.(ET'))
CALL P(.URLT'));
CALL P(.('REQ'));
CALL P( . 'INV'));
CALL P( .('EoR));
CALL P(.U'PAG'));
CALL P(.(VACCI);
CALL P(.(DSTDD));
CALL P(.('LDI'));
CALL P(.('DIs'));
CALL P(. .UDEC'))
CALL P( .('STO'))
CALL P(.(VST1I));
CALL P(.('ST2'));
CALL P(.('ST3'));
CALL Pt('574))
CALL P(. 'ST5'));
CALL P(.('LOD'));
CALL P(.(VLD1I));
CALL P(.(VLD2'));
CALL P( .('LD..'))
CALL P (.('LD4I);
CALL P( .('LD5'))
CALL P(.(ULD6'));
CALL P(.('PLPR'));
CALL P(. ('CNU'));
CALL P(.('CNS'))
CALL ?(.U'CAL'));
CPAL P( .( RWS 'M)
CALL P(.('DLS'));
CALL P(.('RDF'));
CALL P( .('VTF'));
CALL P( .('RVL'));
CALL P(. WVC )
CALL P(. ('SCR'));
CALL P(.( SGT'));
CALL P(. ('SLT'));
CALL P(.('SEQ'));
CALL P(.('MQV'));
CALL P(.('RRpS'));
CALL P(.:( 'vns'M)
CALL P(.('RR'));
CALL P(. (Wt,)
CALL P( .('RWR'));
CALL ?(&(DLR'));

(2
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CALL P(.('MED'));
CALL P(.('MNP'));
CALL P(.(SPR1));
CALL P(.('GDP'));
CALL P( .( 'PAP') );
CALL P(.('INT'));
CALL P(.('BST'));
CALL P(.('TFn'));
CALL P(.('SCD'))

END; /* OF CASE STATEMENT *
CALL PRINTSREST;

END; /* END OF DO WHILE '
END;
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GRAMMEPR FOR PART ONE NPS MICRO-COBOL

OPTIONS (BN? TABLES LALR AINPUT EXTRAT NOGPOST COMPACT)

1 <PROG~RAM> < ID-DIV> <E-DIV> (D-DIV> PROCEDURE
2 (ID-DIV> ::IDENTIFICATION DIVISION . PROGRAM-ID)
2 <COMMENT> . <ID-LIST>
3 <ID-LIST) :: AUTR> <INS> <DATE> <SEC>
4 (AUTE> ::= AUTHOR . (COMMENT>
5 (EMPTY>

*6 <INS> :=INSTALLATION .<COMMENT>

7 (EMPTY>
*8 (DAT!> :=DATT-WRITTEI < COMMENT>

9 <EMPTY>
10 <SEC> ::= SECURITY . (COMMENT>
11 (EMPTY>

I'12 <COMMENT> ::= <INPUT>
13 (COMMENT> (INPUT>
14 <?-DIV> ::= ENVIRONMENT DIVISION .CONFIGURATION

14 SECTION . <SP.C-OBJ> (0-0
15 <EMPTY>
16 (SRC-OBJ> ::- SOURCE-COMPUTER . <COMMENT> <DE3UG>
16 OBJECT-COMPUTER . (COMMYNT>.
17 <DEBUG> ::- DEBUGGING MODE
18 (EMPTY>II <I-O>;::= INPUTOUTPUT SECTION .FILE-CONTROL .

20 (EMPTY>
21 <FILE-CONTROL-LIST> :: FILE-CONTROL-ENTRY>

24 (ATTRIBUTE-LISTJ> ::- <ONE-ATTRIB>
25 (ATTRIBUTE-LIST> (ONE-ATTPIB>
26 (ONF-ATTRIB> ::= ORGANIZATION <ORG-TYPE>
27? ACCESS <ACC-TYPE> <RELATIVE>
28 ASSIGN <INPUT>
29 <ORG-TYPE> ::SEQUENTIAL
30 RELATIVE
31 INDIXED
32 <ACC-TYPP> :*SEQUENTIAL
33 RANDOM
34 <RELATIVEM : RELATIVE (ID>
35 (EMPTY>
36 <IC> ::- 1-0-CONTROL . <SAME-LIST>
37 (IMPT>
38 <SAME-LIST> ::- <SAME-ELrMENT>
39 <SAME-LIST> (SAME-ELEMENT>
40 <SAME-ZLEMEN> M SAME (ID-STRIN%">
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41 <ID-STRING> ::= <ID>
42 <ID-STRING> <ID>
43 <D-DIV> ::= DATA DIVISION . <FILE-SECTION> (WORK>
43 <LINK>
44 <FILE-SECTION> ::- FILE SECTION . <FILE-LIST>
45 <EMPTY>
46 <FILE-LIST> ::= <FILES>
47 <FILE-LIST> <FILES>
48 <FILES> ::- FD <ID) <FILE-CONTROL>
46 <RECORD-DESCRIPTION>
49 <FILE-CONTROL> ::= <FILE-LST>
50 <EMPTY>
51 <FILE-LST> ::= <FILE-ELEMENT>
52 <FILE-LST> <FILE-ELEMENT>
53 <FILE-ELEMENT> ::= BLOCK <INTEGER> RECORDS
54 RECORD <REC-COUNT>
55 LABEL RECORDS STAN ARD
56 LABEL RECORDS OMITTED
57 VALUE OF <ID-STRING>
58 <REC-COUNT> ::= <INTEGER>
59 <INTEGER> TO <INTEGER>
63 <WORK> ::= WORKING-STORAGE SECTION
60 <RECORD-DESCRIPTION>
61 <EMPTY>
62 <LINK> ::- LINKAGE SECTION . <RECORD-DESCRIPTION>
63 <EMPTY>
64 <RECORD-DYSCRIPTION> ::= <LEVEL-ENTRY>
65 <RECORD-DESCRIPTION>
65 <LEVEL-ENTRY>
66 <LEVEL-ENTRY> ::= <INTEGER> <DATA-ID> <REDEFINES>
66 <DATA-TYPE>
67 <DATA-ID> ::- <ID>
68 FILLER
69 <REDEFINES> ::= REDEFINES <ID>
70 <EMPTY>
71 <DATA-TYPE> :2= <PROP-LIST>
72 <EMPTY>
73 <PROP-LIST> :: (DATA-ELEMENT>
74 <PROP-LIST> <DATA-ELEMENT>
75 <DATA-ELEMENT> ::- PIC <INPUT>
76 USAGE COMP
77 USAGE COMP-3
78 USAGE COMPUTATIONAL
79 USAGE DISPLAY
8 SIGN LEADING <SEPARATE>
81 SIGN TRAILING <SEPARATE>
82 OCCURS <INTEGER> INDEXED <ID"
83 OCCURS <INTEGER>
84 SYNC <DIRECTION>
85 VALUE <LITERAL>
86 <DIPECTION> 2:- LEFT
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87 RIGHT
88 <EMPTY>
89 <SEPARATE> :-SYPARATE
90 (!tMPTY>
91 (LITERAL> ::n<INPUT>

92 <LIT>
93 ZERO
94 SPACE
95 QUOTE
96 <INTEGER> ::- (INPUT>
97 <ID> ::- (INPUT>

Note that the options list contains the Item N0e-POST.
This elim~enats the hoal symbol "_!_- from being added to
the grammer of part one. In part two the hoal symbol is
used as an end of file symbol CEOF).
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GRAMMER FOR PART TWO NPS MICRO-COBOL

OPTIONS (3N? TABLES LALR &INPUT EXTRAT COMPACT)

1 <P-DIV> ::nPROCEDURE DIVISION <USING> < PROC-BODY>
2 <USING> : USING (ID-STRING>
3 <EMPTY>
4 (ID-STRING> ::<ID>
5 (ID-STRING> <ID>
6 (PROC-BODY> < PARAGRAPH>

7 (PROC-BODY> (PARAGRAPH>
a <PARAGRAPH> <: 0 .ID
9 (ID> . <SENTE.NCE-LIST>
10 (ID> SECTION.
11 (SENTENCE-LIST) ::- <SENTENCE>
12 <SENTENCE-LIST> (SENTENCE>
13 (SENTENCE> ::= (IMPERATIVE>
14 (CONDITIONAL>
15 ENTER (ID> (OPT-ID>
16 (IMPERATIVE> ::nACCEPT <SUBID>
17 (ARITHMETIC>
18 CALL (CALL-LIT> (USING>
19 CLOSE (CLOSE-LST>
20 (PILE-ACT>
21 DISPLAY <DISPLAY-LST>
22 DISPLAY <DISPLAY-LST> WITH NO
22 ADVANCING
23 EXIT (PROGRAM-ID
24 GO (ID>
25 GO (ID-STRInG> DEENDING <ID>
26 MOVE (LIT/ID> TO <SUIID>
27 OPEN (ACT-LST>
2a PERFORM (ID> (THRU> ('INISH>
29 STOP <TERMINATE>
30 <CLOSE-LST> < ID>
31 (CLOSE-LST> (ID>
32 (DISPLAY-LST> ::- (LIT/ID>
33 (DISPLAY-LST> (LIT/ID>
34 (ACT-LST> ::<TYPE-ACTION> (OPEN-LST>
35 (ACT-LST> (TYPE.-ACTION> (OPrN-LST>
36 (OPEN-LST> < ID>
37 (OPEN-LST> (ID>
38 (FINISH ::-n (L/ID> TIMES
39 (STOPCONDITION>
40 (VARYING> (ITERATION> (STOPCONDITICN"
41 (EMPTY>
42 <STOPCONDITION> ::- UNTIL (CONDITION>
43 (VARYING> ::- VARYING (SUIID>

44 <ITIRATION> <F (ROM> <BY>
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45 <FROM> ::-n FROM (L/Ir>
46 <BY> ::- BY (L/ID>
47 <CONDITIONAL> ::= (ARITHMPTIC> (SIZE-ERROR)>
47 <IMPERATIVE'>
48 <FLE-ACT> <INVALID> (IMP!RATIV'>
49 (READ-ID> <SPECIAL> (IMPYRATIVE>
50 <IF-NONTERMINAL> <CONDITION>
50 <IF-LST> <FLSE> <I?-LST> FND-IF
51 (IF-NONTERMINAL> (CONDITION>
51 (IF-LST> END-Il
52 <IF-LST> ::= <STMT-LST>
53 NEXT SENTENCE
54 <ESE ::=n ELSE
55 <APITUMETIC> :uADD <ADD-LST> TO <SUBID> <ROUND>
56 ADD (ADD-LST>GIVING <SU3ID> (ROUND>
57 DIVIDE <L/ID> INTO <SUBID> (ROUND>
58 DIVIDE (L/ID> BY (SIJBID> GIVING
58 (SUBID> <ROUND>
59 DIVIDE (LIID> INTO <SUB!D' GIVING
59 (SUBID> <ROUND>
es MULTIPLY <L/ID> BY (suBID> <ROUND)
61 MULTIPLY (L/ID> BY <surID> GIVING
61 (SUBID> <ROUND>
62 SUPTRACT (SUB-LST> FROM (SUBID>
62 <ROUND>
63 SUBTRACT <SUB-LST> GIVING (SUBID>
63 <ROUND>
64 COMPUTE <SUBID> =<ARITB-PXP>

:165 <ADD-LST> :=<L/ID>

66 (ADD-LST> (L/ID>
67 (SUB-LST> < L/ID>
68 <SU2R-LST> <L/ID>
69 <ARITH-IXP ::- <TERM>
70 <ARITH-EXP> + <TERM>
71 <AR ITR-ZP> - <TEIt'>
72 + <TERM>
73 - (TERM>
71 <TERM> :- <PRIMARY>
75 <TERM> < PRIMAPY>
76 (TRM> < PRIMARY)
77 <PRIMARY>o ::= <PRIM-ELIM>
78 (PRIMARY> ** <PR IM-?LEM>
79 (PRIM-ELEM> :.<L/ID0
80 ( <ARITR-ZXP>
81 <FILE-ACT> :uDELETE (ID>
82 REWRITE (ID>
83 WRITE <ID> <SPECIAL-ACT>
Si <CONDITION> :*<BTERM>
85 (CONDITION> OR <BTERM>
86 <BTYRM> :-<BPRIM>
e7 (ITIRM> AND <3PRIM>
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e8 <BPPIM> ::- (LIT/ID>
89 (LIT/ID> (NOT> (COND-TYPE'>
9o ( (IRM>)
91 (COND-TYPE> ::-n NUMERIC
92 ALPEA3ETIC
93 (COMPARE> (LIT/ID>
94 (NOT> ::- NOT
95 (EMPTY>
96 (COMPARE> ::-n GREATER
9'? LISS
98 EQUAL
99>

101 m
102 (ROUND> ::- ROUNDED
103 (!MPTT>
164 (TERMINATE> ::- <LITERAL>
105 RUN
106 <SPECIAL> ::- (INVALID>
107 END
108 (OPT-ID> ::- <SUPID>
109 (EMPTY>
110 (STMT-LST> ::- (IMPERATIVZ>
ill (STMT-LST> (IMPERATIVE>
112 (CONDITIONAL>
113 (STMT-LST> <CONDITIONAL>
114 (TERU> ::- THRU (ID>
115 (EMPTY>
116 (INVALID> ::-n INVALID
117 (SIZE-ERROR> :-SIZE ERROR
118 (SPECI&L-ACT> ::<WRTN> ADVANCING <BOW-MANY>
119 (EMPTY>
120 <WREN> ::- BEFORE
121 AFTER
122 (SOW-MANY> ::- (INTEGVR>
123 PAGE
124 (TYPE-ACTION> ::- INPUT
125 OUTPUT
126 1-0
12? <SU3ID> ::- <SUBSCRIPT>
128 (ID>
129 (INTEGER> ::- (INPUT>
130 <ID> t:: (INPUT>
131 (L/ID> ::- (INPUT>
132 <SUPSCRIPT>
133 ZERO
134 (SUBSCRIPT ::- (ID> ( <SUPSCRIPT-LS"&>)
135 <SUISCRIPT-LST> ::= (INPUT>
136 <SUBSCPIPT-LST> < INPUT>
13? (CALL-LIT> ::* (LIT>
136 <MN-LIT)> ::- (LIT>o
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139 S PA C T
10e QUOTE
141 <LITERAL> ::<NN-LIT>
142 <INPUT>
143 ZERO
144 (LIT/ID> :u<L/ID>
145 <NM-LIT>
146 (PROGPAM-ID> ::- (ID>
14? <EMPTY>
148 (RAD-ID ::- READ <ID>
149 <IP-NONTERMINAL> ::- 17

Note that the options list does not contain the Item
NOGPOST. This causes a goal symbol "_ -" to be added to
the grammer at the end of production one. This syirbol is
used as the end of file symbol (EOF). Part one uses the
optional NOOPOST to surpress the generation of the goal
symbol since an KOP is not wanted at the end of part one.
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